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ABSTRACT
Food security and deintensification of agriculture are serious concerns in Latin
America. Agriculture, especially at small-scale subsistence levels, is hard work, and
comes with some economic and physical risk. Transitions from traditional multi-cropping
to mono-cropping systems introduce two particular risks that are new to most
smallholders: (1) the loss of agricultural diversity and (2) the potential for widespread
failure when focusing on the cultivation of a single crop. This research explores how
Small Unmanned Aerial Systems (sUAS), or drones, can be used for rapid inventories of
crop diversity and to enhance crop management techniques on small-scale farms. In the
community of Cotacachi, located in the Imbabura Valley, small-scale multi-crop
agriculture is increasingly conducted by Indigenous women, as men redirect their focus
toward single crop agriculture or employment in urban centers. As a result, Indigenous
women are the primary line of defense against the loss of agrobiodiversity. Many farmers
in the northern Andes still use hoes and ox-drawn plows, so sUAS may seem like a big
technological leap. The technology, however, is developing quickly and is becoming
more affordable and user-friendly, especially compared to standard satellite imagery,
which can be expensive to obtain and analyze. Small-scale agriculture continues to be an
important source of food for many Latin Americans. The incorporation of mapping
techniques and aerial imagery has the potential to help sustain and monitor
agrobiodiversity, enhance food production, implement effective water and soil
management practices, and promote agro-tourism, all while bolstering livelihoods
throughout the region.
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CHAPTER I - INTRODUCTION
Food security and deintensification of agriculture are serious concerns in Latin
America. Many small-scale farmers face obstacles related to climate change, economic
fluctuations, and a diminished labor supply caused by shifting generational priorities.
Agriculture, especially at small-scale subsistence levels, is hard work, and involves a
certain level of economic and physical risk. Yet many developing regions around the
world still rely heavily on small-scale food production. There is great pressure to
transition from traditional multi-cropping to mono-cropping systems. This transition
introduces two particular risks that are new to most smallholders: (1) the potential loss of
agricultural diversity, and (2) the potential for widespread crop failure when focusing on
the cultivation of a single crop. In recent years, farmers have seen a dramatic change in
the timing of traditional planting calendars as well as marked decreases in crop yield and
quality. The Imbabura Valley in the Ecuadorian Andes is a traditionally agrarian region
that continues to rely heavily on food production by local farmers. A better understanding
of how farmers perceive climate change, social issues, and physical hazards, as well as
the information upon which they base their land management decisions, can provide
valuable insight into new techniques for protecting contemporary agriculture and
agrobiodiversity in the greater Andean region.
In the city of Cotacachi, located in the Imbabura Valley, small-scale multi-crop
agriculture is increasingly conducted by Indigenous women, as men redirect the focus of
their livelihood towards single crop agriculture or employment in urban centers. Recent
efforts have been made in Cotacachi to designate traditional small-scale farming as
cultural patrimony. This designation unlocks valuable government funding to protect
1

crop diversity and to preserve traditional agricultural techniques. This dissertation
contributes to an enhanced understanding of the obstacles faced by small-scale
Indigenous farmers in their efforts to protect and preserve agrobiodiversity. The maps
and aerial imagery created and collected during this project also contribute to
agrobiodiversity conservation and provide additional support to farmers as they pursue
and sustain the cultural patrimony of Indigenous Kichwa agriculture in Cotacachi.
Research Questions
This research explores the spatial characteristics of contemporary small-scale
agriculture in the township of Cotacachi, Ecuador, and analyzes methods that contribute
to the conservation of agrobiodiversity within the greater Imbabura Valley. Geospatial
technologies are powerful tools that help us comprehend the intricate spatial attributes
and mechanisms that influence how humans interact with their environments. The
application of geospatial technologies to analyze traditional small-scale farming requires
a multifaceted research design. Using a participatory methodology combined with
theoretical frameworks from cultural and political ecology, I considered the effects of
culture and politics on agrobiodiversity and rural livelihoods. These frameworks increase
our understanding of the entanglements between politics, local subsistence farming, and
cash crop economies, and also serve as a medium with which to answer the key questions
of this research:
(1) What physical and social obstacles threaten the successful management and
productive output of small-scale mountain agriculture in Cotacachi?
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(2) How can low-altitude Small Unmanned Aerial Systems (sUAS) or drones be
used for rapid inventories of agrobiodiversity and spatial documentation
through maps?
(3) How do traditional techniques and climate knowledge integrate with current
data and technology?
A possible solution to some of the current concerns of Andean farmers is the use
of sUAS in aerial mapping for collecting useful, real-time data. Many farmers in the
Andean region still prepare land with hoes and ox-drawn plows, so the use of sUAS may
seem like a big technological leap. The technology, however, is developing quickly and
becoming much more affordable and user-friendly, especially compared to standard
satellite imagery, which can be quite expensive to obtain and analyze. This research
explores how sUAS can be used for rapid inventories of crop diversity, and to enhance
crop management techniques on small-scale farms. It also examines how maps can be
used to document the spatial characteristics of agriculture at varying altitudes along the
slopes of the Volcán Cotacachi. Aerial images of the unique patchwork of traditional
agricultural fields and crops serve as visual records of the agrobiodiversity and cultural
traditions that the people of Cotacachi are striving to protect.
Study Site
The cantón of Cotacachi is situated along the western edge of the Imbabura
valley, approximately 80 kilometers northeast of the capital city of Quito (Figure 1).
From the city center of Cotacachi proper, the canton stretches north, encompassing
Volcán Cotacachi, and then west to the Guayllabamba river. Cotacachi is divided into six
parroquias or parishes, with the seat of government residing in the Cotacachi parish. To
3

the north of Cotacachi is the 752,235-acre Reserva Ecológica Cotacachi-Cayapas
(Cotacachi-Cayapas Ecological Reserve), an internationally recognized protected area of
immense floral and faunal diversity. Cotacachi boasts one of the highest concentrations
of Indigenous Ecuadorians and the Kichwa people make up approximately 41% of the
total population in the canton. The relative proximity of Cotacachi to the coast as well as
multiple urban centers has also fostered a growing diversity of mestizo (54%) as well as
Afro-Ecuadorian (5%) residents. In recent years, Cotacachi has also become a haven for
foreign expats looking for a safe and economical place to live out their retirement.
Although the urban center of Cotacachi is growing, 80% of the population still lives in
the peripheries of the city and rural communities along the slopes of the volcano.
Cotacachi is ecologically diverse, with páramo and montane forests ranging from
300 to 3200 meters above sea level. Indigenous people have practiced agriculture in this
region for thousands of years upon “las faldas de mama Cotacachi”, (the skirts of mama
Cotacachi, referring to the slopes of the volcano). The high-elevation tropical climate,
characterized by various altitudinal zones, has made Cotacachi a productive region for a
wide variety of agricultural cultivars. Within Cotacachi alone, experts have identified 168
different cultivars (Table 2), which have been cultivated and curated for generations.
Maíz, which holds cultural, nutritional, and symbolic meaning among the Kichwa people,
is of particular importance. In the highlands of Ecuador there are 17 varieties of maíz, 12
of which are cultivated in Cotacachi. Four distinct celebrations throughout the year
highlight the various growth stages of maíz: Paucar Raimi on March 20th (flowering), Inti
Raimi on June 21st (germination), Kolla Raimi on September 22nd (homage to mother
earth), and Kapac Raimi on December 21st (maturation) (Tapia and Carrera 2011). Small4

scale Indigenous farmers in Cotacachi continue to employ traditional methods and
techniques, using multi-crop systems for subsistence livelihoods. Due to increasing rural
to urban migration, especially of Kichwa men, many smallholder farms are now under
the full-time care of Kichwa women. These women actively contribute to efforts of
agrobiodiversity conservation as well as champion the production of traditionally grown,
organic crops.
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Figure 1. Imbabura provincial map including the Cotacachi Province

Local Name

English Name

Total Number of Varieties

Corn - Maize

12

Beans

37

Stuffing Cucumber

1

Ají (Capsicum sp.)

Chili Pepper

4

Haba (Vicia faba)

Broad Bean, Fava Bean

2

Mora (Rubus sp.)

Blackberry

5

Taxo (Pasiflora sp.)

Passionfruit

2

Quinoa

3

Amaranth

2

Sambo & Zapallo (Cucurbita ficifolia)

Squash

5

Tomate de Arbol (Solanum betaceum)

Tamarillo

2

Cape Gooseberry

2

Maíz (Zea mays)
Fréjol (Phaseolus vulgaris)
Achogcha (Cyclanthera pedata)

7

Quinua (Chenopodium quinoa)
Amaranto (Amaranthus hybridus)

Uvilla (Physalis peruviana)

Table 1 Selected crop varieties grown in Cotacachi

Literature and Context
Legible Landscapes
In Seeing Like a State, James Scott (1998) uses the terms high modernism and
legibility to contextualize the modernization of agriculture on a large scale. High
modernism is associated with an unwavering conviction of national and global elites
regarding the infallibility of their grand designs, and the wisdom behind their ideologies.
This most often applies to large-scale projects, or grand schemes, as Scott calls them.
Legibility is often a goal or by-product of high modernist endeavors. The idea is that rural
or untamed landscapes are illegible to the state, meaning they lack the order and
organization necessary to be catalogued, governed, and taxed. By incorporating
infrastructure, boundaries, and technology into a rural society you essentially make it
legible. This is exactly what happened in the Dominican Republic as Rafael Trujillo
moved the country into a full-scale industrialized sugar cane economy. In the 19th and
20th century, Dominican peasants lived a sort of free-ranging existence. Most of the
peasants were escaped or freed African slaves, and they foraged for food, let livestock
roam free, and cultivated small parcels of land for short periods of time (Turits 2003).
Their existence was based on traditional concepts of communal land and relatively
minimal oversight by the government. The Dominican Republic is an interesting case
because the rural peasantry was initially fortified through agrarian reform and land
dispersal during the early parts of the Trujillo dictatorship. Large-scale projects such as
sugar cane plantations, however, eventually took precedence over rural peasant
livelihoods, leading to dramatic changes in land use and human/environment relations
(Turits 2003).
8

By considering the concepts of high modernism and legibility, we can better
understand how new technology and agricultural intensification might change land-use
practices and the livelihoods of rural peoples. James Scott may therefore conclude that
mapping small-scale agriculture in rural Cotacachi, would facilitate the creation of a
more legible society and open the door to negative consequences for Indigenous farmers.
In the case of Cotacachi, however, cultural patrimony and state funding for traditional
agriculture and agrobiodiversity rely heavily on the legibility of the rural landscape. A
key component of this research then is to navigate the tenuous boundary between the
people and the state. In Cotacachi, the agricultural landscapes bear the marks of years of
Indigenous labor, ingenuity, and culture. They form an integral part of Kichwa identity
and provide a glimpse of the agricultural heritage and history of the region.
In his examination of the relationship between work and nature, Richard White
(1996) explained “. . . humans have known nature by digging in the earth, planting seeds,
and harvesting plants. They know distance as more than an abstraction because of the
physical energy they expended moving through space. They have achieved a bodily
knowledge of the natural world. . . ” (White 1996, 172). In the state of Pernambuco in
Brazil, the labor of past and present sugar cane workers is woven into the fabric of the
landscape; much like Indigenous agriculture has left an indelible imprint on the
landscapes of Cotacachi. As Rogers (2010) aptly put it, “. . . a landscape is both an
expression of a society’s impact on its environment and the environment’s record of
influence over a society” (64).

9

Political and Cultural Ecology
Political and cultural ecology are useful frameworks for reconciling the balance
between legibility and illegibility. Using these frameworks, it is possible to situate smallscale Indigenous farming and agrobiodiversity in Cotacachi within the main themes of
this project, namely agrobiodiversity conservation and the nexus between agriculture and
geospatial technology. Political ecology has gained traction in recent decades as scholars
have used it to analyze various human-environment processes in Latin America and
elsewhere. Shade (2015) explored political involvement in large-scale mining in Intag,
Ecuador, and the implications of incorporating subsoil space into discussions of
sustainable development and conservation. Zimmerer (2000) noted how accepted images
of irrigation techniques dating back to Incan rulers continued to influence contemporary
political leaders regarding agrarian development.
Most of the Indigenous farmers in Cotacachi who participated in this dissertation
research were women. Feminist political ecology has struggled to gain a foothold as a
political ecology sub-field (Elmhirst 2011), but it offers a valuable framework for
considering the gendered production of identities and ideologies as they relate to the
governance of the environment. Kimura and Katano (2014) drew on feminist political
ecology to examine differing perceptions of female organic farmers following the
Fukushima reactor accident following the 2011 earthquake. In Cotacachi, female
Indigenous farmers likewise have unique perspectives of agricultural production,
agrobiodiversity conservation, and the economy of organic goods. There is a wide range
of applications for political and cultural ecology frameworks, making political ecology,
as Piers Blaikie describes it, “expansive, eclectic, and inclusive…[bringing] both
10

innovative thinking and charges of incoherence” (Blaikie 2008, 765). As female farmers
in Cotacachi continue to organize and find a voice in political and economic forums,
relationships with nature and approaches to managing local agroecosystems will likely
change.
Migration
International and domestic rural-to-urban migration is a concern for many smallscale farming operations and is an important component of this research. Migration,
whether domestic or international, frequently creates an agricultural labor shortage in the
sending communities (Conway and Cohen 1998; Jokisch 2002). The burden of smallscale subsistence farming often falls on women who remain at home while husbands,
sons, and other male family members migrate to urban centers. Although difficult,
Hamilton (1998) explains that agricultural responsibilities that fall under the purview of
Indigenous women in Ecuador can actually be quite empowering, as it allows them a
greater measure of freedom to participate in local commerce and trade markets. The
drivers of migration within Ecuador and to the neighboring countries of Colombia and
Peru have been documented in various studies. Gray and Bilsborrow (2013) posited that
two pathways of environmental influence occur: fast pathways are weather events and
natural disasters, while slow pathways constitute slower processes, such as changes in
climate and land quality. Environmental influences have forced many to leave their
homes in search of new conditions, and as Bertoli and Marchetta (2014) explain, outmigration in rural societies often contributes to increased levels of poverty in the sending
communities. Internal migration trends have also been heavily influenced by economic
fluctuations and are found to occur most frequently between the highly populated
11

provinces of a country (Royuela and Oduóñez 2016). Additional stresses are placed on
sending communities when migrants engage in international migration, as family units
are divided and separated by much greater distances. In the case of more localized
migration, those who leave can regularly return to home communities on weekends or
holidays to visit or assist with farming responsibilities. Although rural-to-urban migration
is not the primary focus of this research, it plays an important role in small-scale
Indigenous farming in Cotacachi and must therefore be considered.
Agrobiodiversity
Labor shortages and shifts from polyculture to mono-cropping practices place
great strain on the agrobiodiversity of crop species. In the Sierra of Peru, labor shortages
and changes in the spatial organization of agriculture have led to the extinction of
numerous native cultivars (Zimmerer 1991). Extinctions such as these often are results of
modernization processes and practices introduced to Indigenous farmers by NGOs and
church organizations (Bebbington 1993). On the other hand, Zimmerer (2013) found that
Bolivian Indigenous farmers who implemented traditional agriculture techniques
experienced greater agrobiodiversity of maize species. Similarly, Brush and Perales
(2007) saw remarkable links between maize biodiversity and social and ethnic factors in
Chiapas, Mexico. In Cotacachi, concerns about the loss of agrobiodiversity extend
beyond the physical production of cultivar varieties and encompasses diminishing local
knowledge regarding culinary and medicinal plant use, particularly among younger
generations. Researchers in the Sierra de Manantlán Biosphere Reserve in Mexico
explored this very issue by assessing “. . . how biodiversity and traditional knowledge is
structured across communities and how they covary in order to implement appropriate
12

management practices” (Benz et al. 2000, 184). The loss of agrobiodiversity not only
destabilizes food security, but also threatens an important component of Indigenous
memory and cultural heritage.
Methodology
During a preliminary visit to Cotacachi in the summer of 2017, I presented a
proposal of this research project to the Union of Indigenous Farmer Organizations of
Cotacachi (UNORCAC) and Technical University of the North (UTN) officials. Their
advice and insights were indispensable, and I incorporated their suggestions into the
methodology of this project, while also agreeing on the most effective use of the sUAS
platforms as aerial surveying tools. The implementation and adjustment of the sUAS
platforms depended heavily on the input and expertise of local farmers. Participants in
this research were directly involved as co-investigators throughout the duration of the
project. As pointed out by Smith et al. (2012), maps are important tools for geographers
to better understand the human/environment relationship, and by including local residents
as equal partners in the mapping process, the spatial narrative becomes much more
diverse.
Data was collected through ethnographic interviews, low altitude sUAS remote
sensing, participatory mapping, workshops (See Appendix A), and focus groups.
Workshops are important components in participatory research because they facilitate
discussion between participants and researchers throughout the data collection process
(Cochran 2008, 65). The UNORCAC organization has identified over 200 conservationist
farmers who are committed to protecting agricultural diversity in the province. In
conjunction with UNORCAC and members of the Comite Central de Mujeres (Central
13

Women’s Committee or CCM), I worked with over 100 local farmers to map
agrobiodiversity in Cotacachi. Each survey mission followed a standardized approach
that combined drone and geospatial technologies, workshops, and semi-structured
ethnographic interviews. Farm sizes were between one hundred square meters and two
hectares in size and required between five and ten minutes of flight time using the small,
unmanned aerial system. I conducted ethnographic interviews in concert with aerial
mapping missions to geo-reference agricultural production and to record soil
characteristics, elevation, and access to water of each farm. I then used the maps and data
to initiate the development of an online, interactive platform through which farmers and
local researchers might spatially visualize and manage small-scale agriculture in
Cotacachi.
This project is made up of two primary components: 1) the sequence of
conducting aerial surveys, processing aerial imagery, and organizing workshops to
delineate farm boundaries and georeference crop varieties; and 2) an examination and
analysis of current obstacles facing Indigenous small-scale farmers in Cotacachi. Chapter
Two provides a brief overview of Kichwa culture and traditions as they relate to
agriculture and the physical world around them. Kichwa farmers straddle a line between
contemporary agricultural methods and ancestral tradition, so it is important to have a
general understanding of Kichwa beliefs and cosmology. Chapter Three focuses on the
first component of this research by exploring the potential of sUAS to support and
contribute to the current agricultural efforts of smallholder farmers. Chapter Four takes a
closer look at the obstacles facing smallholder farmers and pays particular attention to the
expressed needs of farmers who were interviewed, and their proposed solutions to current
14

hurdles. Chapter Five is a synthesis of the two major components of research and a
discussion of the trajectory of technology and precision agriculture in small-scale
farming. This chapter also explores the importance of cooperatives, and cooperative
engagement in the advancement and sustainability of smallholder farming in Cotacachi,
with an emphasis on the benefits of cooperatives for the wellbeing and development of
female Indigenous farmers.

15

CHAPTER II – CONNECTING KICHWA COSMOLOGY AND AGRICULTURE
The Kichwa people in Cotacachi have been cultivating crops along the slopes of Mama
Cotacachi for millennia and during that time they have seen countless fluctuations and changes to
the physical landscape and socio-cultural setting of the area. Like other small-scale farmers
around the world, the Kichwa have long adapted with great skill to these changes, adjusting
planting techniques, shifting cultivation, and tackling crop disease. They have an intense
connection to La Pachamama or Mother Cosmos, whom they revere as the protector and
nourisher of Earth’s inhabitants. Understanding the Kichwa cosmovision can be difficult because
it does not subscribe to a hierarchal order like many other religions. The cosmovision is quite
fluid, with each deity or entity receiving equal importance. La Pachamama often embodies the
entirety of the Kichwa cosmovision, emerging as the most oft spoken names by Indigenous
people of the high Andes. This attention, due in a large part to the Kichwa veneration of mothers
and their matchless role in the creation of life, does not diminish the importance and role of the
other entities. A common misconception surrounding Pachamama is her synonymity with mother
earth. They are in fact two separate entities, Pachamama (Mother Cosmos) and Allpamama
(Mother Earth). The confusion may be attributed to the difficulty associated in translating, and
explaining for that matter, the name Pachamama. Broken down, the prefix pacha can be loosely
defined as, nature, ecosystem, space, and time, while mama is the word for mother.
Unlike the varying degrees of piety and adherence to Christian religions that abound in
this region, each Kichwa farmer develops his or her relationship with the Pachamama using the
same care and loyalty with which they cultivate their crops. It is common to see Kichwa children
running barefoot in Indigenous mountain communities. Most might assume this to be a result of
poverty and they would mostly be correct. There is, however, a deeper, more connected reason
for the barefooted adventures of Kichwa youth. Kichwa elders believe that to feel the earth on
one’s bare feet at an early age joins spirit and body to the life-giving bounty of La Pachamama.
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For communities where farming is first and foremost a means for subsistence, this early
connection to nature, and communion with La Pachamama is imperative to the perpetuation of
their livelihoods. The cosmovision is so deeply seated in Andean culture, that farmers feel bound
by their duty to La Pachamama; a duty to preserve the land, a responsibility to extract only what
is needed to survive, and a resolve to cultivate the land sustainably and in moderation. As older
generations fade, and new generations assume the mantle of caring for the land, agricultural
techniques and traditions have begun to shift. Contemporary farmers understand the importance
of new techniques and technology but also maintain the tried and true agricultural practices of
their parents and grandparents. In my experience, each family and each community approaches
change differently, yet they all seem to hold fast to their respect and veneration for Mother Earth.

Agricultural Lunar Calendar
Regardless of occupations and off-farm work, Indigenous Kichwa are fundamentally an
agro-centric people. Farmers rely on the agricultural calendar to inform their agricultural
decisions. The agricultural calendar is synced with lunar cycles and provides insight into the
optimal times to plant, harvest, weed, and prepare land. Likewise, the calendar warns farmers of
days when these activities should be avoided to prevent negative outcomes. Perhaps the most
important and significant month of the calendar year is June, when the festivities of Inti Raymi
take place. Inti Raymi is also known as Hatun Puncha, or the great day. Of the four primary solar
positions throughout the year, the June or summer solstice marks the harvest of maize, a grain
which is sacred to Indigenous people in Ecuador. As seen in the calendar in Figure 2, each day
contains symbols denoting the phases of the moon throughout the month as well as the days
during which specific organisms should receive attention and stimulation. Notes are provided for
each month with specific instructions. For June, farmers are advised to “not prune with anger or
ire, under the effects of alcohol, or before and during the days of menstruation, as it will affect
production” (UNORCAC 2019). There are varying opinions regarding the linkages between the
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lunar phases and agriculture. Within the scientific community, some have approached (but never
conclusively confirmed) the notion that the gravitational pull of the moon not only affects the
tides, but also enhances plant hydration by causing water to rise in the soil (Bur 1945; Barlow &
Fisahn 2012). In soil science, the rise of water in soils is called capillary rise and is controlled by
the components of a soil type and the amount of adhesion taking place within the pores. It is
feasible to think that capillary rise combined with an increase in lunar pull might contribute to
additional water availability for plants, but as of yet there has been no definitive scientific proof
of this occurring. Most Kichwa farmers have a much simpler understanding of the lunar calendar,
basing their actions on their own experience working the land and that of the generations before
them. The calendar provides an organized schedule following natural patterns that can be adhered
to each year. Parents and grandparents are eager to preserve this knowledge must continue to
teach the youth about the lunar calendar. Alberto Taxo explains that it isn’t enough to just tell the
younger generations about traditional agricultural techniques and practices. Parents and
grandparents must show their children by example through their own actions and children by
nature will imitate these actions of their elders (Taxo 2011).
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Figure 2. Lunar calendar produced by the UNORCAC
Note: This is a snapshot of the calendar that is published each year by the UNORCAC and distributed for free to local farmers.

Inti Raymi
Of the four Raymis, which correspond to the solstices and equinoxes, Inti Raymi is the
most significant for Kichwa people. The Indigenous communities of Cotacachi are particularly
lively in their celebrations and the mestizo population over the years has adopted many of the
traditions associated with Hatun Puncha or the Great Day (another name for Inti Raymi). The
roots of Inti Raymi run deep, reaching back to pre-Columbian cultures and sharing characteristics
with Incan traditions and rituals. Inti Raymi takes place during the days before and after the
summer solstice and begins with Armay Chishi, the ritual bathing of those participating in the
festivities. The bathing takes place in the sacred waters, streams, and springs of individual
communities and symbolizes a cleansing of one’s person, an eschewing of negative energies, and
a renewed connection to the Pachamama. This ritual is conducted at midnight, often on the 22nd
of June. The following days are highlighted by the warrior like march of Kichwa males from the
surrounding Indigenous communities into the central plaza of Cotacachi. The toma de la plaza or
taking of the plaza, is a symbolic event in which Indigenous communities stomp and dance a
warlike dance meant to memorialize the historic Kichwa struggle to maintain ritual spaces (Apak
2017). This encounter in the plaza is a moment of simultaneous conflict, union, equilibrium, and
convergence. The stomping of the dancers, right foot-left foot, right foot-left foot, is believed to
rebalance the planet and wake the Earth in preparation for the harvest and subsequent planting of
new crops. During these marches of Kichwa warriors, the women of the communities walk
alongside the dancing men. Mothers, wives, sisters, and daughters ensure that the men, often
weary and inebriated, stay the course and avoid conflict with other communities. This task of
supporting the men during the dance is evocative of the strength and support provided by Kichwa
women in daily life as they supervise household activities and manage the cultivation of crops.
Their labors are often conducted while husbands, fathers, and brothers are working in off-farm
occupations.
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Inti Raymi is closely associated with the summer solstice but it spans multiple days
before and after the declination of the sun reaches its northernmost position at the Tropic of
Cancer every year. To see the Kichwa men come stomping into the main plaza in downtown
Cotacachi is an experience not quickly forgotten and leaves a lasting impression on anyone who
witnesses it. For many, however, the favorite day of the Inti Raymi celebration is Warmi Punlla,
the final day of the celebration. This day is reserved for the warmis or women to take over the
plaza with the support of the men, who often form small musical groups to provide Andean
rhythms for the female dancers. Like the men, the women take over the plaza. They dance and
march around the plaza in one great circle, stopping periodically to create smaller circular chains,
symbolic of the eternal connectedness of time, earth, and the runakuna (Kichwa people).
Similar to changes in the agricultural landscape over the years, the festivities of Inti
Raymi have also been modified over time. One striking change is in the costumes used by the
men. Elderly Kichwa men recall how early Kichwa dancers wore their own traditional clothing or
costumes during the marches, and they admit that the younger generations have slowly
incorporated new iconic elements like the fur chaps, military uniforms, and large cardboard hats
into the dance ensemble. This is perhaps where the links between agriculture and the rituals of
Inti Raymi have begun to diverge, highlighting the emerging hybrid identities of the younger
generations. The historic importance of the taking of the plaza remains relevant today for the
younger generations, as a symbol of restoring what was once theirs by way of their ancestors.
However, there also seems to be a heightened level of importance assigned to this aspect of Inti
Raymi, which stems from an increasingly socially and politically active generation of young
Kichwas. Regardless of these shifts, the Pachamama remains the de facto grand marshal, if you
will, of the Inti Raymi festivities, ever present, and omnipotent.
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Figure 3. Dancers in the Parque Matriz during Inti Raymi

Sumak Hampi: Health and Wellness
Concepts of health and wellbeing are also intricately connected to agriculture and the
Pachamama. Happiness and health are obtained through a respectful and wholesome relationship
with Mother Earth. The Pachamama provides plants and insects of all shapes and sizes with
intrinsic medicinal value to cure ailments. This strong connection with Mother Earth and her
bounty has contributed to the lasting physical and mental health of the Kichwa people. Seasonal
illness such as allergies or the flu is a foreign concept to many Kichwa people, as they have rarely
experienced it. For Roberto Taxo, there are other aspects to health aside from what we ingest. In
maintaining good health, he notes that, “it is important to be grateful, it balances us, remembering
that the Pacha-mamita has created the potatoes, the grains, all of the food, so in our hearts we
must be profoundly grateful” (Taxo 2011, 91). This type of sentiment illustrates the importance of
agricultural production and plant cultivation within the Kichwa understanding of life and health.
It is woven into the fabric of the Kichwa being. It culminates in the concept of Alli Kawsay or
living well, a Kichwa ideology which has become ubiquitous throughout Ecuador as a national
motto. Aptly explained by Diego Rivadeneira Checa, “Alli Kawsay originates in Indigenous
knowledge, inspires the creation of a communal consciousness, and fosters a life of reciprocity
with the earth (Checa 2011, 59).”
The Kichwa cosmology and their spiritual and physical connection to La Pachamama is
extensive. One cannot fully comprehend the trajectory of agriculture in Cotacachi without
understanding to some degree the underlying traditions, culture, and beliefs that are infused into
agricultural practices. The use of drones and other technology to support agricultural production
introduces an interesting question of fit. It is important to consider how new technology like
drones might mesh with the Kichwa cosmology, and how drones might be situated within the
dynamics of the Kichwa existence (Figure 4). Chapter Three explores this phenomenon by
examining the potential benefits and/or impacts of drone technology for the Andean chakra and
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Kichwa livelihoods. Chakra simply defined, is the Kichwa term for a farm or a parcel of land
where crops are grown. However, the term embodies a much deeper meaning as a system of
agricultural production that mimics and cohabitates with the natural biodiversity of the
surrounding ecosystem.
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Figure 4. Integrating drones into the Kichwa cosmology
Note: An important question is where drones might fit within the Kichwa cosmology, and how they would interact with traditionally
held beliefs regarding agriculture and the responsible stewardship of the earth.
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CHAPTER III – DRONES AND THE KICHWA CHAKRA
Ashakumanta shunku kasilla sakiriwan…chushpi balunkuna kanikriwan yarkani,
exclaimed the elderly Kichwa woman as I landed my small drone on the edge of her tree
tomato (Cyphomandra betacea) orchard. This was one of my first encounters with a
member of the Indigenous communities of Cotacachi as we began the project to map
agrobiodiversity. At the time, my grasp of the Kichwa language was limited and I was
told that the woman thought she was being chased by a swarm of bees and might have a
heart attack. Needless to say, I was embarrassed and apologized profusely to her.
Although we had informed community members of the drone surveys, the buzzing of the
drone still caught this particular woman by surprise. Hers was one of the more extreme
reactions to our drone surveys, but it certainly highlights the inherent concerns, fear, and
uncertainty that can accompany the introduction of new technologies or techniques into
the traditional agricultural practices of small-scale Indigenous farmers.
Small-scale, family agriculture in Latin America faces a number of obstacles,
including the loss of crop diversity, water scarcity, labor shortages, and new plant
diseases. On a global scale, farmers are beginning to incorporate small unmanned aerial
systems (sUAS) or drones for various uses to address some of the same obstacles that are
faced by small-scale Latin American farmers. This chapter explores the potential for
integrating data collected by the DJI Mavic Pro, into the daily practices of small-scale
family farmers in the Cotacachi Province of northern Ecuador. In conjunction with the
UNORCAC and the Comite Central de Mujeres (CCM) we used the DJI Mavic Pro to
conduct aerial surveys of close to 250 farms ranging in size from a few hundred square
meters up to 2 hectares. The primary goal of these surveys was to document
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agrobiodiversity and provide useful data for the continued conservation of crop varieties.
Although individual farmers are not currently equipped with the skills or resources to
own and operate sUAS for agriculture, we did find that data collected by the DJI Mavic
Pro is quite useful for Cotacachi farmers in three primary ways: documenting crop
varieties; coordinating water management projects; and delineating individual parcel and
community boundaries.
Agroecology in Cotacachi
Cotacachi is a province located in the Imbabura Valley in northern Ecuador (see
Figure 1 on Page 6). It generally has steep terrain with inhabited elevations ranging from
2,800 to 3,800 meters. The city of Cotacachi is located on the lower slopes of the
Cotacachi volcano, which rises to 4,944 meters above the Imbabura Valley.
Approximately forty Indigenous communities are spread across the slopes of the volcano.
Within these communities, groups of female Indigenous farmers have organized
themselves to create an agricultural cooperative focused on the protection and
conservation of agrobiodiversity. At the center of this cooperative is the Jambi Mascaric
agroecological food market, whose motto, La Pachamama Nos Alimenta (The Mother
Cosmos Feeds Us), is an homage to the life-giving powers of the cosmic mother.
According to Kichwa mythology, La Pachamama protects and nourishes all mankind.
Most vendors in the market are smallholder farmers who cultivate parcels of land called
chakras, ranging in size from a hundred square meters up to two hectares. In most cases,
these smallholders cultivate the land immediately around their homes, but many also own
separate parcels in other sections of the community. Most of these farmers rely on oxdrawn plows and hand tools with a few expanding into the use of tractors or gas-powered
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tillers and cultivators. Beyond this, the use of mechanized instruments or advanced
technology is minimal.
Agroecology has emerged in recent years as a discipline committed to the
development of sustainably managed agri-systems that adhere to responsible methods of
resource use. Farmers who follow agroecological practices seek to limit external inputs
while mirroring the mostly closed systems of the local environment. Intensification and
extensification in agriculture have required farmers around the world to increase the
levels of external inputs like fertilizers, chemicals, and modified seeds to meet the needs
of the consumer market. Although agroecology encourages farmers to use only locally
available resources, it does not restrict external inputs. Nevertheless, Altieri (2002) points
out that resource poor farmers who purchase external inputs may have difficulty
sustaining the use of these external inputs and face additional difficulties down the road.
In their quest to produce and sell traditionally grown organic crops in a sustainable
manner, farmers in Cotacachi are committed to following principles outlined by the
discipline of agroecology. There are inherent risks and concerns when incorporating
technology like drones into small-scale Indigenous farming, but low altitude remote
sensing can also provide vital data and a valuable alternative perspective for farmers as
they manage agricultural production and navigate changes in the climate, soil, and local
ecosystems.
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Figure 5. Sites of agricultural parcels that were surveyed in the Cotacachi Province

Technology in Agriculture
In 1949, Charles Elkinton published a brief account of the effects of changes in
technology on Western agriculture. He noted that tillage, harvesting equipment, and
tractor power had all contributed to changes in agriculture along with mechanical
harvesting equipment and power sprayers for the application of chemicals and pesticides.
(Elkinton 1949, 1). Technology in agriculture has advanced rapidly in recent decades and
ranges from mechanical tools, to chemical fertilizers and pesticides, to biotechnology in
disease and pest resistant crops. The incorporation of tractors has been particularly
transformational as farmers are able to reduce their labor input, while also increasing
their capacity to cultivate larger tracts of land.
In the Mekong River delta of Vietnam, the abundance of small gasoline engines
since the 1960’s has allowed rural farmers to introduce mechanized processes into their
daily subsistence agriculture. Small engines allow farmers to pump water quickly and at
greater distances to increase irrigation capabilities and therefore crop yield (Biggs 2012).
Similar to the Mekong Delta, the spread of small engines in Bangladesh, Sri Lanka, and
Nepal has also been instrumental in powering pumping systems, small tractors, and
threshers (Biggs et al. 2011). Mechanical technologies have allowed farmers to increase
their output and the speed with which they cultivate the land. Unfortunately, with speed
and intensification comes concerns of soil depletion and pests. Chemical and biological
advances in agricultural technologies have acted as balancing forces to the degradation of
soils and the onslaught of disease but have also come at a cost to the environment.
Technological advances in precision agriculture are increasing at dramatic rates.
The use of drone technology is extensively documented in large-scale, mechanized
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agriculture (Beloev 2016; Zahawi et al. 2015; Hogan et al. 2017) but has yet to be
systematically examined in a small-scale, Indigenous context. Although Indigenous
farmers in Ecuador may not be ready to fully adopt all aspects of drone technology for
agriculture, it can still be an extremely useful tool for providing spatial information and
documenting agrobiodiversity. For Indigenous farmers who spend hours each day
focused on the biological processes of their fields at ground level, the view from above
can be quite revealing.
Drones in Agriculture
With the advent of precision agriculture, the use of sUAS has become much more
prevalent. Drones are now used for aerial surveys, crop management and monitoring, and
the application of pesticides (Wachowiak et al. 2017; Zhang & Kovacs 2012; Sarri et al.
2019). In most cases, the cost and complexity of these unmanned aerial systems has
restricted their use to more established, large-scale farming operations. Combined with
multispectral sensors and post-processing software, platforms like the eBEE, Parrot Disco
and Bluegrass, or DJI Phantom Pro Ag can often cost upwards of $10,000 USD. For
small agricultural operations, particularly those in less developed countries, this hefty
price tag remains far out of reach. Small-scale farmers can and should nevertheless
benefit from the information and data that can be accumulated with sUAS.
There are several considerations when choosing the correct platform to fit the
needs of smallholder farmers, namely, cost, portability, and image quality. Farmers living
in the province of Cotacachi rarely surpass monthly household incomes of $160 USD.
Most consumer drones with good image quality are well beyond the range of
affordability for individual farmers. However, as a group farmers associated with a
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cooperative such as the UNORCAC or CCM are more likely to share in the cost and
operation of a consumer sUAS and have the resources or funding to purchase sUAS that
fall within the $2,000 – $3,000 price range. Agricultural cooperatives have been the focus
of study in many developing countries and experts have seen positive results when
farmers share in the cost and operation of equipment (Larsén 2010; Artz et al. 2011). In
Ethiopia, Abate et al. (2014) compared the technical efficiency of smallholders who
participate in cooperatives to those who do not and found that cooperative members had a
higher average technical efficiency. I chose to focus our testing on the DJI Mavic Pro,
which is portable, produces high quality imagery, and falls within the potential price
range of a cooperative. Survey missions of 250 farms were conducted across
approximately thirty communities with flight altitudes ranging from 90 to 120 meters. As
land parcels were relatively small and within close proximity to one another, we often
surveyed multiple farms in a single survey mission.
Mission Planning
Mission planning took place both off-site and on-site using the free Pix4D
Capture and DJI GSPro mission planning applications (Figure 2). The limited availability
of up-to-date satellite imagery of the area made it difficult to delineate precise mission
boundaries. However, the portability of the Mavic and ease of operation allowed us to
make quick adjustments in the field. Pix4D Capture offered a user-friendly interface but
provided limited control over camera settings once the mission began. This resulted in
occasional blurred or out of focus images. In contrast, GSPro which is a DJI application
allows camera settings to be adjusted during a mission. This function permitted us to
ascend to mission altitude and adjust camera settings during the initial phases of the
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mission. Data collected during the survey missions were processed using the Pix4D
Mapper cloud processing platform. Pix4D Mapper allowed us to stitch together the
collected imagery into high quality orthomosaic photos that could be viewed online or
downloaded for use in geospatial analysis.
Flying in Northern Ecuador
The DJI Mavic Pro preformed well as a data collection tool for small-scale
agriculture. The portability of the Mavic made it easy to reach rural and remote farm
parcels, as it is lightweight and can be packed in a small backpack. The size and
portability also contributed to the number of take-off and landing sites that were
available. This was particularly important when surveying larger sites that required
multiple batteries. As a battery reached critical charge, we were able to quickly land,
change batteries, and move to a new take-off site to continue the mission. The size and
portability of the DJI Mavic Pro also presents a number of potential pitfalls for rural
agricultural surveying. The smaller batteries provided on average 10 -12 minutes of flight
time in calm conditions. However, factors such as high winds and increases in flight
altitude greatly affect battery life (Hardin et al. 2018). The DJI Mavic Pro has a very
low stance (as seen in Figure 6) and the short legs provide minimal clearance between the
ground and the undercarriage of the drone. The limited clearance can make take-offs and
landings trickier on surfaces that are uneven, contain loose dirt, or have tall vegetation.
Without the support of a portable or foldable landing pad, it is easy to kick up dust into
the rotors or make contact with grasses and other vegetation. When conducting surveys
with farmers, we often had to launch and retrieve the drone by hand to mitigate this
limitation.
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Finally, the shorter range and flight time of the DJI Mavic Pro forced us to
periodically adjust our ground control location when surveying larger areas in order to
maintain a strong signal strength between the drone and the controller. As we were
mostly surveying smaller parcels, the short range and flight time were more of a nuisance
than a serious limitation. If we flew a survey mission that required multiple batteries, we
would simply adjust our position at the end of each mission so that we were centered in
the coverage area of the next survey mission.
The Imbabura Valley is surrounded by three volcanos and multiple smaller
mountain ranges and hills. The terrain and topography are rugged with steep slopes,
cutting ravines, and isolated stands of Eucalyptus trees. Before and during any sUAS
flight, it is important for pilots to be cognizant of environmental conditions and obstacles
(Bhardwaj et al. 2016). The primary environmental factor that affected sUAS
performance in the Imbabura Valley was the wind. DJI recommends that the DJI Mavic
Pro not be flown in winds stronger than 10 m/s or 22 mph. In the Imbabura Valley
average wind speed ranges from 7 – 10 mph, however along the slopes of the Cotacachi
volcano where most of the farm surveys were conducted, it was common to encounter
winds up to 20 mph or more. High winds severely reduced the flight time of the drone,
and individual battery life was greatly affected. In many cases, the DJI Mavic Pro
would stall during a survey mission, drift off course, or fly at a very slow pace due to
strong winds. This made it impossible to complete even the smallest survey missions
without using multiple batteries. The physical effects of the wind on the drone during
flight can also have an effect on the precision and accuracy of the images. To avoid gaps
or blurriness in the processed orthomosaic image, each picture taken by the drone needs
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to have sufficient overlap on all four sides with its neighboring pictures. Figure 7
demonstrates the effects of wind on the flight path of the drone during one of the survey
missions. If blown off course during a survey mission, mission planning software like
Pix4D Capture or DJI GSPRO will instruct the drone to return to its designated flight
path. This is done to maintain enough overlap and coverage for the post-processing
software to stitch the images into a single orthomosaic image. By increasing the overlap
percentages or increasing the flight altitude, you can reduce the potential for gaps or
coverage issues, however, increasing these parameters also extends the flight time.
Extended flight times often require additional batteries along with the need for multiple
landings and take-offs as you swap the batteries.
Another concern that arose while flying in Cotacachi was the rugged topography
and gradient of the slopes along the Cotacachi volcano. It was important to account for
topography when planning a survey to avoid collisions with trees, structures, or the
mountainside. Survey missions were always conducted from the highest point in the
survey area to avoid such collisions. During the survey missions, there occurred only one
potential collision due to a miscalculation of the slope in a survey area. The onboard
sensors of the DJI Mavic Pro preformed as designed, slowing the sUAS and taking
evasive measures to avoid trees and the hillside.
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Figure 6. DJI Mavic Pro

Figure 7. Effects of wind on drone flight path during survey missions.
Note: White lines on the survey grid represent the proposed survey flight path and green lines are the actual path. Areas where the
green line deviates or becomes erratic are indicative of wind interference.
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Applications for sUAS Data in Northern Ecuador
To better understand the obstacles facing smallholders in Cotacachi, as well as the
potential for sUAS in agriculture, we conducted a number of ethnographic interviews and
mapping workshops. This was important for determining the most effective use of sUAS
and the potential pitfalls of integrating new technology with traditionally held agricultural
practices. There are many uses for sUAS in agriculture; however, each location,
environment, and farmer are different. Those who are actually working the land and
sowing the seeds must be included in the discussion for the best possible outcome. Based
on discussions and workshops with farmers, we concluded that there were three primary
uses for sUAS data that would benefit farmers in Cotacachi: 1) rapid assessment and
documentation of crop species; 2) delineation of farm parcels and community boundaries;
and 3) management of water and irrigation systems.
Agrobiodiversity and Parcel Delineation
Using the DJI Mavic Pro we were able to collect high resolution imagery (3 cm
resolution) of individual farms (Figure 8) to be used for the visual identification and
documentation of crops species. Through various mapping workshops (Figure 9 &
Appendix A), farmers were able to meet, and view imagery collected by the sUAS.
During these workshops, participants identified the various crop species grown in each
plot with surprising accuracy. This identification was done visually and by memory.
Likewise, the high-resolution orthomosaic imagery was helpful in delineating parcel
boundaries and community borders (Figure 10). The delineation of parcel boundaries in
conjunction with crop identification contributed to our efforts as we mapped and
documented the spatial distribution of crops.
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To further the work of agrobiodiversity conservation, farmers need tools for rapid
inventories, assessments, and species documentation. This is important in Cotacachi for
several reasons. Farmers rely on crop varieties for subsistence as well as additional
income. The women who participate in the Jambi Mascaric Agroecological market are
focused on producing and selling locally grown, organic products. Their success in a
large part relies on their ability to preserve agrobiodiversity and market their products as
traditional, home-grown varieties that are unique to the Cotacachi region. This
commitment to a direct farm-to-market supply chain introduces additional concerns that
can be mitigated with agrobiodiversity mapping and parcel delineation. A major concern
of many producers who sell their goods at the Jambi market is controlling and restricting
those who break the farm-to-market chain by purchasing products elsewhere and selling
them at the Jambi. External purchase and selling schemes not only weaken the selfcertification of farm-to-market products sold at the Jambi, but also leads to market
flooding and price undercutting.
The Jambi Mascaric market presents a unique setting for the use of aerial imagery
and sUAS data. Member producers are expected to only sell products that they have
grown by hand on their own farm parcels. This is an important distinction from other
local food markets where vendors likely purchase from a third-party grower for resale.
During workshops and group meetings, farmers often discussed quite heatedly their
concerns regarding producers that purchased products from neighbors within the
community as well as from locations outside the community to sell at the Jambi. Aerial
imagery and agrobiodiversity maps were considered by participants as a means to control
or monitor this occurrence. Farmers viewed assessments and documentation of
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agrobiodiversity using drones as a welcome addition to the periodic ground inspections
conducted by leaders of the CCM and UNORCAC.
The active engagement of the farmers during the workshops was critical to the
successful mapping of agrobiodiversity. An initial concern with drones and aerial
imagery was that of privacy and legibility. Small-scale farmers, particularly those in rural
Indigenous communities value their privacy and are wary of legal land jargon and the
discord that can accompany boundary delineation. In many cases, Indigenous populations
seek to maintain an illegible presence on maps and municipal documents to avoid
confrontations or efforts for assimilation. However, Indigenous farmers in Cotacachi and
specifically members of the CCM and UNORCAC, were anxious to map and identify
farm parcels and the distribution of agrobiodiversity. We worked hard to be clear and
transparent in advance of the drone survey missions and did not experience any pushback or contention during parcel delineation workshops. In fact, farmers collaborated
quite openly during the workshops to outline farm plots and georeference crop varieties.
In each workshop the participants assisted elderly farmers who were less familiar with
maps and aerial imagery and combined forces to delineate the parcels of those who were
absent from the meetings. There was minimal friction between the participants of these
workshops and when a farmer incorrectly outlined their property, the group would
quickly confer and make the necessary adjustments. This was always done in a friendly
manner with a feeling of community and cooperative engagement.
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Figure 8. A few single-family farms in the community of Colimbuela
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Figure 9. Mapping workshop in the community of Morlan
Note: Farmers collaborated to delineate parcel boundaries and geo-reference crop varieties
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Figure 10. Delineation of plots and community boundaries

Water Management
Building on the identification of crops and the delineation of boundaries, water
management is also an important element of smallholder livelihoods in the Imbabura
valley. We found that the data collected by the sUAS could be used to create orthomosaic
images and 3D models to manage water and identify potential irrigation routes. The 3D
model in Figure 11 is an example of a water transportation plan created in the community
of Iltaqui. Iltaqui is currently facing a water crisis with limited water for household and
agricultural use. Farmers in Iltaqui along with most farmers in Cotacachi practice dry
farming and depend on rainfall to nourish their crops. With changes in climate and
rainfall patterns, the availability of water has become increasingly sporadic.
One solution, proposed recently by a community member, is a gravity-fed system
that transports harvested rainwater to a community reservoir. Chilean agronomist Miguel
Altieri (2002) points out that smallholders facing obstacles related to environmental and
climatic change must often rely on their own ingenuity and experience to insure their
survival. Rainwater harvesting is a method used by resource poor farmers around the
world. Farmers in the arid regions of Africa have been successful in capturing rainfall for
agriculture through simple and inventive methods, often requiring only minor
adjustments or alterations to the physical landscape (Altieri and Nicholls 2017). Using
the Pix4D software and imagery collected by the sUAS we were able to create a 3D
model and elevation profile to estimate pipe routes, calculate raw materials, and analyze
potential flow for the proposed water system. From start to finish, the process of
surveying, processing, and generating the 3D model took only a few hours. This is much
quicker and more efficient then if the farmers had tackled this on foot, without the help of
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GPS or other measurement tools. Likewise, working with the digital 3D model, we were
able to quickly create and analyze multiple potential routes for the piping system and
generate elevation profiles for each proposed route. The elevation profile in Figure 12 is
an example of one of the piping routes. Using the 3D model, we were able to create
annotations and adjust the proposed pipe route until it was as close as possible to a
continuous downhill trajectory. This is not an exact science, and there is a high level of
interference caused by trees and bushes along the route. This can be seen in the sawtoothlike shape of the purple line in the elevation profile. We conducted a brief ground survey
of a section of the proposed pipe route and found that most of the peaks along the
modeled route were likely the result of vegetation. This is of minimal concern, however,
as the pipes would run under the vegetation along the surface of the ravine. The important
takeaway from this exercise is the ability to estimate a route for the piping that could rely
mostly on gravity for transporting water to the community reservoir. Equipped with these
data, farmers can more efficiently make the necessary adjustments on the ground.
Beyond the effectiveness of drones and 3D models for water management, the
data outputs are also important and useful for farmers. A project like this one in Iltaqui is
too expensive for the community to tackle on its own, but could likely be funded by the
municipal government, the state, or an NGO. Access to figures and precise measurements
like the examples in Figures 11 and 12, provide farmers with better data and a stronger
foundation when proposing water management projects to local and state officials.
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Figure 11. 3D model of the ravine that runs alongside the village of Iltaqui.
Note: The model has been annotated with potential routes to transport rainwater captured upslope.
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Figure 12. Elevation profile for one of the proposed water transportation routes.
Note: These profiles help to determine the general trajectory of water and modify the pipes path for optimal flow.

Conclusion
Small-scale Indigenous farmers are slowly incorporating advanced technology
into their daily practices, but they still rely heavily on manual traditions. Collecting data
for state and community projects, conservation efforts, and crop and water management,
is important for the well-being of small-scale family farmers. Small consumer sUAS like
the DJI Mavic Pro can be useful tools for data collection in small-scale rural settings
like northern Ecuador. Although most farmers in Cotacachi are not prepared financially
to purchase and operate their own sUAS, a few trained pilots, operating within the
context of an agricultural cooperative, can effectively conduct rapid inventories of crops,
and collect valuable aerial imagery.
Based on field-testing and discussions with participants, we identified three
important applications for sUAS in northern Ecuador: 1) rapid assessment and
documentation of crop agrobiodiversity; 2) delineation of chakra and community
boundaries; and 3) the management and distribution of water for irrigation systems. With
time and training, it is highly likely that small-scale farmers in northern Ecuador and
throughout Latin America could add additional sUAS applications to their toolkits,
particularly the collection of multispectral data for monitoring crop and soil health, and
for combating new crop diseases. Likewise, new technologies like drones can serve to
reengage the younger generations in agriculture, particularly the youth of Indigenous
communities who are quickly losing interest in agriculture, and the difficult manual labor
associated with subsistence farming. Aside from the initial cost of obtaining a consumer
sUAS like the DJI Mavic Pro, the other major hurdle for small-scale farmers is the
availability of affordable and user-friendly software for the initial post processing of the
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data. I chose Pix4D’s cloud processing service because it is accessible, intuitive, and allinclusive, and it provided the simplest workflow for farmers and participants in Cotacachi
to observe. It does however, come with a hefty licensing fee, and is likely not the most
viable long-term option for farmers in this region. Hopefully with time, this obstacle will
also be resolved as more affordable and user-friendly post-processing options become
available for small-scale farmers with limited funding.
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CHAPTER IV - OBSTACLES FACING SMALLHOLDERS
Ethnographic Interviews: Obstacles facing small-scale farmers
Small-scale farmers across the globe are facing a myriad of new and persistent
challenges that affect their livelihoods. What non-farmers in northern Ecuador may
consider to be minor shifts in weather and climate are in fact creating major ripples for
small-scale farmers across the region. Smallholders are acutely aware of the effects of
microclimates, altitudinal zonation, and soil degradation on agricultural production.
Beyond the realm of the physical environment, smallholder production is influenced a
great deal by economic instability, labor shortages, social injustice, political undulations,
and shifting generational priorities. Not only is small-scale farming physically demanding
and inherently risky, it is also experiencing a fundamental shift as younger generations
increasingly seek off-farm work and employment. This shift not only has implications for
labor availability and the survival of family farming traditions, but also for conservation
of agrobiodiversity. Current generations of farmers in Cotacachi are primarily women
who are, in many cases, singlehandedly sustaining multi-cropping traditions. Many have
resisted the pressure to consolidate their agricultural production into monocropping
systems, while others have yielded to the burden of social, economic, and environmental
pressures.
This chapter details the second major component of this dissertation, which is an
examination of the obstacles facing small-scale female Indigenous farmers in the
Cotacachi province and some of the perceived solutions to those obstacles. The bulk of
the information in this chapter comes from 100 semi-structured interviews and
discussions I had with farmers, both individually and in group settings. During these
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encounters, I followed a baseline of pre-determined questions, but ultimately allowed
conversations to follow the flow of the experiences, thoughts, and feelings of each
individual participant. The baseline questions were as follows:
1. What are some of the major obstacles that you currently face in farming?
2. Of those obstacles, which one worries you the most?
3. What would help you the most in your current farming activities?
4. In what ways do you think technology can support agriculture?
5. What is the level of interest of your children in farming? Do they participate?
The interviews and discussions took place in participant’s homes, digging rows
and pulling weeds in agricultural fields, and in communal spaces. The interview
participants were selected from members of the Comite Central de Mujeres or Central
Women’s Committee (CCM). The CCM is an organization of approximately 300 female
Indigenous farmers that falls under the umbrella of the UNORCAC. The CCM is an
organization that advocates for agrobiodiversity conservation, women’s rights, and social
justice. With the combined efforts of the CCM and the UNORCAC, the Jambi Mascari
Agroecological market was created in downtown Cotacachi as a space for small-scale
farmers to sell organically grown crops at fair prices.
Slow Interview
The Kichwa people are amicable and kind, but they are also fierce defenders of
their communities and families. Early in the interviewing phase of this research,
participants were often guarded and slow to answer questions or share information. As
word spread between the communities of this project, participants became noticeably
more engaged and open when discussing the obstacles that they face. My ability to speak
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Spanish certainly aided in the interview process, but I was still an outsider and a
foreigner. The cultural divide created an unavoidable wall that had to be overcome in the
initial minutes of each interview or discussion. To enhance the interview experience I
implemented the slow interview technique outlined by Nina Jentoft and Torunn Olsen
(2017), shifting control of the interview to the participant and building in time for
reflection and thought. By using hand-written notes rather than digital audio or video
recording equipment, I was able to slow down the process of the interview, providing
time for participants to consider their responses, and add additional information while I
was writing my notes. I also made it a point to demonstrate transparency by sharing my
notes with participants for their review and approval. Jentoft and Olsen (2017) explain
that sharing interview notes with participants helps to demystify the notetaking process,
while also assuaging any mistrust that can arise during an interview. The simple act of
turning the notebook or sitting next to a participant with the notes in full view created an
added level of trust and comfort between myself and the interview participants.
It is important to note that the slow interview technique does not necessarily result
in long, drawn out interviews. Subsistence farmers, particularly female subsistence
farmers, are busy people with limited free time. Female subsistence farmers in Cotacachi
wear multiple hats, managing household tasks, farming, raising and caring for children,
and performing community duties. Interviews were often squeezed into busy schedules in
the midst of children playing or during the completion of daily tasks. Many of the
interviews that I conducted were only 15 to 20 minutes long, but they all incorporated the
components of the slow interview technique to the greatest extent possible.
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Frequency Analysis
During interviews and discussions with local farmers and community leaders, I
regularly encountered a number of key words and topics. Two widely used methods in
qualitative research are content analysis and thematic analysis. Content analysis is
quantitative in nature and follows a more systematic approach to analyzing data
(Neuendorf 2019). Scholars have recognized, however, that content analysis cannot
always capture the deeper thematic veins within a qualitative dataset (Vaismoradi &
Snelgrove 2019). Content analysis emphasizes the frequency of terms used in a data set
and uncovers general trends but lacks the ability to ascertain meaning. Thematic analysis
moves a few steps beyond content analysis and provides a framework to recognize
patterns in the data, and to improve our understanding of themes and underlying meaning
(Braun & Clark 2006). To better visualize the occurrence of certain words or terms, I
conducted a frequency analysis of interview notes collected during discussions and
conversations. After transcribing my interview notes into a Word document, I created a
macro in Microsoft Word to scan and organize words from my notes based on the
frequency of their occurrence (See Appendix A). There were a variety of themes that
emerged from the analysis of key words and their frequency of use.
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Themes
Fertilizer
Water
Disease

Associated Key Words and Spanish Language Equivalents
Abono, Bioles
Agua, Irrigation, Rain, Lluvia, Riego
Plaga, Illness, Gusano, Butterflies, Hormigas, Fumigate, Enfermedades, Moscas
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Transportation
Labor
Knowledge

Transport, Transportación
Help, Workers, Peones
Conocimiento, Información, Capacitación, Training

Table 2 Key words and themes from frequency analysis
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Figure 13. Key word indicators and their frequency of use

Social scientists often use coding schemes to analyze and organize qualitative
data. Harris and Carter (2019) used a revised grounded theory approach in coastal
Ecuador to study mosquito borne disease. Similar to their approach, I organized codes
associated with common themes in the interviews, and then consolidated those codes into
six thematic codes (Table 2). Organizing codes for efficiency and quality is important.
Weston and others (2001) demonstrate the usefulness of creating a codebook with welldefined parameters, definitions, and key words for each code. The coding process
allowed me to identify some of the primary obstacles facing subsistence farmers, as well
as other phenomena occurring in small-scale agriculture in Cotacachi.
Figure 14 provides a snapshot of the frequency of keyword use and the number of
participants that discussed each of the six themes. Plant disease or plagas registered the
highest value in both categories with every participant discussing one or more of the key
words related with the disease theme. The high word frequency value for disease points
to the repeated usage of multiple disease-related key words by at least a quarter of the
participants. The frequency and variety of key-word usage for disease is indicative of the
importance and seriousness of the issue for farmers in Cotacachi. Water, labor, and
fertilizer, respectively, were the next three themes with high values, followed by
knowledge and transport. Frequency analyses like this are very helpful in understanding
trends in qualitative data, but they can’t capture or demonstrate the nuances, voice
inflections, or facial expressions of the participants during the interviews. Incorporating
those aspects of an interview is dependent on the person taking notes and conducting the
interview. Transportation and knowledge registered the lowest values in key-word
frequency and participant acknowledgement, but this does not diminish their impact on
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smallholders in Cotacachi. The following sections will discuss the six individual themes
and how they affect the livelihoods of female Indigenous farmers in the Cotacachi
province.
Worms, Butterflies, and Underdeveloped Potatoes
Since the beginnings of agriculture and the domestication of plants for human and
animal consumption, farmers have been waging war against two formidable foes: plant
disease and pests. Plant disease and pests are an integral component of the ecological
cycles of any environment and contribute to the delicate balances between the plant and
animal worlds. These same diseases and pests, however, can be devastating for farmers.
Smallholders in Cotacachi have limited financial resources and often lack the technology,
knowledge, and materials to effectively combat plant disease and pests. Farmers can learn
to manage new crop disease and pest, but they must be willing to balance new techniques
with current methods. The introduction of new technologies or techniques should
coincide with concerted efforts to study and understand traditional farming practices
(Thurston 2019). Farmers currently employ an assortment of traditional and homemade
remedies in concert with chemical pesticides and fungicides to quell the effects of plant
disease and pests. One very simple deterrent is the method of companion planting where
a variety of flowers are planted around a garden or along the hedgerows of a planted
field. Farmers believe that the chemical properties of the flowers repel different bugs, and
the bright colors distract others away from their crops. Aside from the repellant qualities,
farmers enjoy the added beauty and color of the flowers.
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Figure 14. Lancha disease in Chilcapamba
Note: The Lancha has caused problems for farmers in many of the communities, causing potatoes to spoil or severely under develop.

Every participant in this study mentioned the difficulty of dealing with disease
and pests. The most common term used by farmers was plaga, or disease, which refers to
the variety of plant ailments they deal with on a day-to-day basis. One of the difficulties
in cultivating multiple varieties of crops is having to deal with many different diseases
and pests. Intercropping is a method that has produced positive results in controlling
agricultural pests. Murrell (2017) found that diversification, which is among the practices
used by farmers to improve resilience to climate change, can also be used to deal with
various pests. Descriptions provided by participants of plant diseases were varied and
colorful, but often referred to the same disease. There was a noticeable spatiality to the
discussion of disease and pests. There seemed to be a consistency across altitudinal
zones, with farmers in each subsequent zone discussing similar experiences with specific
plant disease and pests. One such disease that affects crops at higher elevations was often
referred to as la lancha, a blight that stunts the growth of potatoes (see Figure 15).
Potatoes are an important staple crop for smallholders in highland Ecuador and have
garnered the attention of scholars and agronomists alike. The lancha has been especially
troublesome for farmers because it masks its presence with seemingly healthy leaves
above ground, when in reality the potatoes below ground are severely underdeveloped or
not growing at all.
Hace Falta Agua de Riego: Dry Farming and Sporadic Rainfall
One of the most common phrases used by farmers during our interviews was,
“hace falta agua de riego” or “there is a lack of water for irrigation”. Only 30% of the
Indigenous communities in Cotacachi have access to sufficient water for consumption
and irrigation. Twenty eight of the forty-one communities rely on rainfall and mountain
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runoff to irrigate their crops. The Ecuadorian government has placed a great deal of
emphasis on food security in recent years, and food security requires better water
management and irrigation infrastructure. Scholars have extensively examined water
security in Ecuador, focusing on the influence of land use change on water (Espinosa and
Rivera 2016), the impacts of climate change on water availability (Molina et al. 2015),
and the need for local organizations to have greater control over water rights and
distribution (Cremers, Ooijevaar, and Boelens 2005).
Water scarcity is a serious concern, but too much rainfall is also a phenomenon
that can create problems on dry soils and parched plants. Sporadic and heavy rainfall can
cause considerable damage to unstable soils and compromise crops that have developed
weak root systems. Weakened soils are much more susceptible to deep cutting erosion,
and this fragile state can ultimately lead to crop damage. In Zimbabwe, smallholders have
found that temporary periods of excessive rainfall can have a devastating impact on
crops, especially when it comes after long periods of draught (Mutekwa 2009). As there
is no way to control the weather, farmers must consider other options. Many communities
have canal systems in place but lack the water to make use of these systems, while other
communities are caught in property and water rights disputes involving neighboring
communities and/or large landholders. Many of the large land holdings in Cotacachi are
remnants of old Spanish haciendas, and they often cover large tracts of land and control
mountain-fed waterways. In 2005, Cremers, Ooijevaar, and Boelens (2005) outlined the
need for institutional reforms of water governance, and an increased level of autonomy at
the local level, particularly for peasant farmers. Despite institutional changes that have
occurred, there still exists a myriad of micro policies and systems within the larger
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system. This brings to bear the importance of standardization across the entire apparatus
of water management.
Labor and Shifting Generational Priorities
Subsistence or family farming revolves around the combined efforts of a family.
Planting and harvesting by hand is an arduous process and benefits from the combined
efforts of parents, children, extended family, and neighbors. Subsistence farming in the
strictest of definitions is the production of crops to sustain a household. Over the last few
decades, subsistence farmers have consistently merged off-farm work and the sale of
surplus goods with their traditional livelihoods to supplement their incomes (Knapp 1991,
p. 53). The loss of labor on small-scale farms in Cotacachi can have wide-ranging
impacts on production and agrobiodiversity. Preserving agrobiodiversity becomes
increasingly difficult as the labor pool shrinks. I am particularly interested in labor loss
resulting from shifting generational priorities and the mobility of youth. The generational
nature of family subsistence farming in Cotacachi relies on the commitment of younger
generations to sustain agricultural traditions. Many Kichwa youth, however, have lost
interest in farming and have sought off-farm work or alternative career paths. Parents find
themselves in a conundrum; caught between their need for help on the farm and their
desire to provide an education for their children. Kichwa children and youth are more
connected than ever with cell phones, social media, and the internet. This constant flow
of information combined with a K-12 education, opens up new opportunities for Kichwa
youth and inspires many to choose work that takes them away from their farming
communities.
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Throughout the Indigenous communities of Cotacachi, participants are feeling the
effects of labor loss due to a collective increase in youth mobility. Communities that are
farther from the urban center of Cotacachi generally reported less rural-to-urban mobility
among the younger generations. The rural communities also noted a stronger resolve
among the youth to continue farming. The mobility of youth in the Global South is
complex and multidimensional. Farrugia (2016) explains that youth mobility
encompasses both structural and symbolic dimensions as youth are influenced not only
by the geography of economic opportunity, but also by the symbolic elements associated
with a metropolitan lifestyle. The draw of urban lifestyles and enhanced economic
opportunity is perpetuated by globalization and the widespread availability of social
media and internet access. Moving to the city or an urban center to work is considered by
many youth as a rite of passage, a chance to develop and experience life outside their
rural communities. All too frequently, rural youth encounter feelings of discomfort in
unfamiliar urban spaces, uncovering what Ferrugia (2016) calls the “affective dimension
of rural youth mobility” (847).
Occasionally youth decide to return home permanently to take up farming or work
closer to their families. Most of the returning youth are from remote communities. They
admit being homesick or feeling out of place while working in larger cities like Quito or
Ibarra. These youth often expressed difficulty fitting in with city folk, while also pointing
out the stark contrasts between food in the city and the culinary traditions of their home
communities. The idea of comfort food, or a home-cooked meal, can draw many people
home for a weekend or holiday visit, but it is much deeper for these youth. Food and the
culinary traditions of the Indigenous communities of Cotacachi are direct links for
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Kichwa youth to the subsistence livelihoods of their adolescence. Historian Hasia Diner
explained how European immigrants in America successfully re-created foods from their
homeland with locally available ingredients. The re-creation of such culinary dishes
however, was influenced by their migration experiences and could never quite replace the
overwhelming food memories ingrained from their youth (Diner 2001).
Memories of food from home are strong for immigrants and are bolstered by the
fact that certain foods just don’t taste the same or create the same feeling of joy and
satisfaction as those that come from the soils and fields of home. The French use the term
terroir to describe regions with specific environmental characteristics that contribute to
the unique taste or constitution of a particular crop (Gade 2004). Although terroir is most
often associated with viticulture, I think it provides a useful insight into the unique nature
of the agro-centric, high Andean Kichwa community. In the Kichwa language the word
for community is llakta and it embodies the physical, environmental, familial, and
culinary characteristics of the Kichwa community. Food conjures up a powerful sense of
place along with a physical and spiritual connection to the Pachamama.
The sheltered existence of youth in the more remote communities likely
contributes to the relatively high volume of youth who return to farming after periods of
work in the city. I found this to be true when I spoke with parents about the level of
interest of their children in farming. The level of interest in farming among the youth of
the Indigenous communities seems to increase as you move farther from the city center,
with a higher number of parents reporting youth returning from off-farm jobs to take up
farming again (Figure 16). Another contributor to the urban interactions of rural youth
and thus their affinity for home is the availability of transportation. Few people in the
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upper communities have personal transportation and the roads are rough and unpaved,
forcing public buses to run with less frequency or not at all. This means that visits to
town could require two to three hours of walking round-trip. Children of these remote
communities interact with city folk much less than their peers in lower communities and
likely experience a greater attachment to their homes and the agrarian livelihoods of their
parents.
A final component of shifting generational priorities is the strenuous nature of
subsistence farming. The seemingly universal laziness of teenagers is a definite
contributor according to local farmers, but the allure of an occupation that does not
require the constant attention and manual labor of small-scale farming is equally strong.
Participants frequently discussed how younger children are taught to work in the fields
after school and on weekends. In time, most school-age children begin to lose interest in
agriculture, but they still help on the farm out of a sense of duty to their parents. This is
where new technologies like drones and alternative farming techniques could potentially
help to reengage the interest of youth in farming. In West-Uyoma Kenya, younger
generation farmers have recognized the potential for integrating small gas-powered water
pumps for horticulture irrigation, and youth participation and interest has subsequently
increased (Bosma 2015). The affinity of younger generations towards technology could
contribute to a renewed interest among Kichwa youth to contribute to the success of
communal agricultural production.
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Figure 15. Spatial variations of youth interest in farming

Organic Fertilizer and the Small Animal Dilemma
During the interviews and discussions, participants often reminisced about the
animals that they used to have. They spoke with affection about a time when their parents
and grandparents owned multiple cows, pigs, chickens, and guinea pigs. This discussion
often stemmed from talk about the lack or need for abono, or fertilizer, particularly
organic fertilizer. Participants were quick to comment on the importance of organic
fertilizer, and the fact that they no longer kept enough animals to produce adequate
fertilizer for their needs. Average families in Cotacachi own a single cow, two pigs, and
some chickens. Naturally, I asked where all of the animals had gone. Some explained that
it was a question of limited space to support multiple animals, but most pointed to the
proliferation of animal thieves who had plagued Indigenous communities over the past 10
to 15 years. Although some of the perpetrators were from the local communities
themselves, most are believed to have come from surrounding provinces.
The lack of organic fertilizer is a serious concern for smallholders in Cotacachi,
especially for the female farmers involved in the Jambi agroecological market. The
women that sell at the market are highly committed to producing organic crops, and that
includes using organic fertilizer whenever possible. Sustainable organic farming has
many positive environmental qualities, but it requires the application of organic nutrients
that can be in short supply if resources are limited (Jouzi et al. 2017). Given that Kichwa
farmers no longer keep enough animals to produce sufficient amounts of organic
fertilizer, they are forced to supplement with manufactured or synthetic fertilizers. This is
an added cost that small-scale farmers struggle to afford. Many of the farmers that I
interviewed expressed an interest and desire to learn more about the nutrient processes of
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the soil, and methods for developing their own organic or biologically based fertilizer
supplements.
Knowledge and Training
The theme of knowledge or training permeated many of the conversations that I
had with farmers. It was most often associated with discussions about combating diseases
and pests but was also a common answer to my third baseline question, which focused on
what farmers want or need to enhance their agricultural production. When I asked
participants if they could pick one thing that would most help them in their farming
activities, many responded with an appeal for more technical training and knowledge.
The lack of training and knowledge makes it difficult for farmers to address some of the
contemporary issues they face. With additional training, farmers could learn how to better
handle new crop diseases, how to understand and recognize the effects of climate change,
and how to compensate for their limited access to organic fertilizers. Training in new
agricultural techniques can boost the efficiency of farmers, and also help to relieve some
of the stress created by the loss of labor.
One of the primary research questions of this study deals with local climate
knowledge and how it is incorporated into daily agricultural practices. Subsistence
farmers in Cotacachi seemed to have a very cursory knowledge of climate-related issues.
Such knowledge is largely based on word-of-mouth information or casual conversations
with other farmers. Although they may not understand the scientific minutia related to
climate change in the high Andes, Kichwa farmers certainly recognize the influence of
such changes on their crops and the surrounding environment. There are various
organizations that conduct community level training sessions to teach small-scale farmers
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about new agricultural methods. The UNORCAC, the CCM, and the Ecuadorian Ministry
of Agriculture conduct workshops throughout the province of Cotacachi. These
workshops include both classroom and field exercises in which agronomists and
agricultural technicians provide plant and site-specific training (Figure 17).
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Figure 16. Citrus fruit workshop for farmers in Colimbuela

Transportation
The final theme that emerged from the frequency analysis was that of
transportation. The women who I worked with during this project regularly sell surplus
from their farms to secure additional income. They primarily sell their goods at the Jambi
market on Sunday mornings, but some will also sell at local pop-up markets or in the
large food market in Ibarra. Vendors begin to arrive at the Jambi market around 4:30 am
on Sunday mornings bringing a range of crops in woven sacks. Most of the women must
hire transportation to move their goods from their harvested fields to the market. The
pickup truck taxis, or camiones, are generally more expensive than traditional taxis, and
drivers often overcharge the women trying to transport their goods to the market. Some
women transport their goods by bus and are regularly charged additional fees to store
their products in the compartments in the undercarriage. The financial burden placed on
women trying to get to the market severely diminishes their bottom line and they often
only break even or see minimal profits.
The transportation situation is a difficult one to remedy. Although taxis servicing
the urban areas have standard fares for consistency, there is minimal oversight for some
of the rural truck cooperatives. The Central Women’s Committee has the power to
challenge exorbitant transportation costs, but needs support from the municipal
government and taxi cooperative leadership to succeed. Women from individual
communities try to mitigate this situation by sharing transportation costs. Not every
farmer, however, has products to sell each week, so ride sharing is not always feasible.
Farmers who cannot afford or secure transportation to the weekend markets may have to
store their products for an additional week or longer depending on their financial
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situation. One of the major draws for consumers to the Jambi market is the expectation of
freshly harvested, organic products. Farmers who cannot afford transportation to the
market not only lose out on potential sales, but also run the risk of being stuck with
expired products.
Maps and Technology
During the course of the interviews, I regularly asked participants about their
thoughts on technology and maps in agriculture. I focused these questions on the specific
circumstances of the female Indigenous farmers of Cotacachi. When asked about the
value of maps or aerial imagery, most participants responded with a quizzical look or a
curt reply of bueno (good in Spanish), or, alli pacha (very good in Kichwa). I found this
response to be a sort of cover for a lack of understanding of the question. All of the semistructured interviews were conducted alongside a representative from the UNORCAC. I
would provide a brief explanation of the purpose of the interview and the participants
would immediately look at my companion (a Kichwa native) and ask if the questions
were hard. I quickly found that what I considered to be simplified language in the
interview questions was in fact still unfamiliar or difficult for participants to understand.
This was less a matter of participant education levels and more a matter of gaps in
common vocabulary usage. I also found that participants responded much quicker to
visual stimuli during our interviews. So, when I would ask about the value of maps, I
would show an example of a local map with outlined farm boundaries, and discuss it
using commonly used words and terms related to maps, space, and place. This method
created an environment in which farmers felt more comfortable discussing the value and
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benefits of maps or aerial imagery. The results were the same when discussing the
integration of drones and their role in producing maps and collecting data.
Conclusions
Smallholders in Cotacachi are facing a variety of obstacles that interfere with their
livelihoods and their agricultural production. Limited access to water, plant disease, labor
loss, the need for organic fertilizer, and transportation costs all test the resolve and
resiliency of female, Indigenous farmers in Cotacachi. Although the effects of these
obstacles are often amplified for women as they struggle to advance in male dominated
markets, they are nonetheless making progress. This is due in a large part to the
cooperative engagement of the Central Women’s Committee and the Jambi Mascaric
Agroecological market. The idea that there is power in numbers is evident in the way that
the CCM coordinates trainings, champions women’s rights and social justice, and
vigorously supports the production of diverse and organically grown crops. Not every
female farmer in Cotacachi is a member of the CCM, and there are female farmers who
have found success on their own, but the strength and value that is provided by the CCM
is undeniable.
Smallholders in Cotacachi are hyper-aware of the continual shifts in their
environments. Their crops serve as living indicators of fluctuating temperatures, variable
precipitation, and pest movements. Climate scientists are equally cognizant of these
changes and the vulnerability of agriculture to even minute climatic phenomenon.
Supporters of agroecological systems continue to highlight the value of closed systems,
systems that mimic or closely mirror the natural flows of a local ecosystem (Gregory and
Ingram 2000; Lin, Perfecto, and Vandermeer 2008). Members of the CCM and those who
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sell goods at the Jambi Mascaric understand the importance of diversification both in
their planted fields and beyond agriculture. Agrobiodiversity is important for preserving
endemic crop varieties, promoting healthy and balanced diets, and for sustainability in
agriculture. The process of intensification paired with high input regimens tends to
influence deviations from locally found varieties to other more input-dependent varieties
(Lin et al., 2008). Members of the CCM regularly expressed their desire to resist these
processes of intensification in favor of their traditional agroecosystems. This decision
does not always result in success however, and many farmers are diversifying their
agricultural endeavors. Two such examples are the creation of a chicha factory which is
owned and operated by women of the CCM, and small group of farmers who are
experimenting with beekeeping and honey production. The Sara Mama label of chicha (a
fermented corn drink) has garnered much acclaim throughout Ecuador for its taste and
quality.
The ingenuity of smallholders in Cotacachi, and in particular the women of the
CCM stems from a strong desire to develop their knowledge and understanding of
agricultural processes and global change. This desire is further strengthened by the bond
formed by the women involved in the CCM and the Jambi Mascaric market. Many of the
women explained that the social aspect of selling at the Jambi was often more important
than the added income, because it created opportunities to discuss important topics
related to agricultural production, climate and pest concerns, and socioeconomic issues.
This knowledge is passed on to younger generations, but their engagement in agriculture
is rapidly diminishing. Whether a result of education, off-farm work, or marriage, the
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youth of the Indigenous farming communities in Cotacachi continue to pursue alternative
careers away from home, and in fields unrelated to agriculture.
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CHAPTER V – TECHNOLOGY TRANSFER AND COOPERATIVE ENGAGEMENT
Introduction
In April 2017, I met with farmers and community leaders in Cotacachi Ecuador,
to discuss the possibility of integrating small unmanned aerial systems (sUAS) or drones
into the agricultural practices of Indigenous small-scale farmers. The application of
drones in agriculture has produced positive results around the world, and farmers are
utilizing drones to decrease operating costs, enhance efficiency, and mitigate risk.
Farmers and community leaders in Cotacachi were very interested in drone applications,
but they were unsure about the value of the data, and how it could be implemented. We
decided to begin with a project to map agrobiodiversity using aerial imagery collected by
a DJI Mavic Pro consumer drone. Agrobiodiversity conservation in Cotacachi is an
important issue for small-scale Indigenous farmers and has garnered the attention of the
Ecuadorian Ministry of Agriculture and other government organizations.
In 2019, the Ecuadorian government declared small-scale agriculture in Cotacachi
to be part of the cultural patrimony of the nation. The designation of cultural patrimony
solidifies the traditional, cultural, and historical importance of polyculture and
agrobiodiversity as it related to the heritage of the Kichwa people. This designation is an
important contribution towards farmers’ efforts to preserve and protect agrobiodiversity
and slow the rate of seed loss. Much like a monument or historic building, traditional
agriculture as cultural patrimony in Cotacachi serves to memorialize this subsistence way
of life, reinforcing its local and national value to the Ecuadorian people.
Patrimonialization has long been a tool in viticulture to distinguish particular wines and
their unique enduring qualities. During six months of field work in the commune of
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Cassis in Southern France, Daniel Gade explored the patrimonialization of viticulture and
found that the “process works to construct a unique sense of place and to shape rural
environment and society” (Gade 2004, 894). As farmers in Cotacachi begin to
incorporate the ideologies of cultural patrimony, they will undoubtedly add to, and
strengthen their sense of place.
Despite this and other small victories, small-scale farmers face considerable
obstacles that affect their livelihoods. Water scarcity, plant disease and pests, and labor
shortages are among the leading obstacles that place stress on farmers. Maintaining a
subsistence livelihood while also finding spaces to advance economically and socially is
a struggle. Women carry the primary responsibility of farming and protecting
agrobiodiversity in the rural Indigenous communities of Cotacachi. In most cases,
husbands, brothers, and sons engage in off-farm work to supplement income, leaving the
women and children to manage the day-to-day farming operations. On weekends, the
men help with harvesting and other tasks. The primary benefit of off-farm work is
additional income, but there is evidence that off-farm work can also have a negative
impact on agrobiodiversity. In southern Ecuador, Ochoa M. et al. (2019) found that offfarm income often reduces food insecurity and therefore reduces the need for
diversification. This may be true in a general sense, but Cotacachi is unique in that
diversification is not only a food security measure, but also an intricate component of the
Kichwa identity. Historically, Indigenous women in Cotacachi have been restricted by a
strong patriarchal tradition, spending little time outside the community. This tradition
however, is shifting as female farmers have begun to carve out niches in local urban and
peri-urban markets. Although they still face obstacles imposed by gender disparities and
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stereotypes, they have found strength in cooperative action and engagement. The creation
of the Comite Central de Mujeres (CCM) and the Jambi Mascaric Agroecological Market
is a powerful example of women pushing forward into male dominated spaces.
This chapter explores the implications of technology transfer within Indigenous
communities and the potential contribution of drones and geospatial technologies towards
agricultural practices, successful agricultural production, and the empowerment of female
farmers. One of the biggest obstacles to the integration of drones as a tool for collecting
geospatial data is the availability of an infrastructure that can support and sustain the data
collection workflow. Establishing an infrastructure in Cotacachi requires training and
funding, with funding being the larger hurdle of the two. I argue that an important and
necessary requirement for technology integration is the existence or establishment of a
cooperative or organization. The adage of power in numbers is an important concept for
small-scale farmer survival, and its inference is even more critical for the historically
disadvantaged female farmer.
Technology Transfer
Small-scale farmers have employed various forms of technology since the early
domestication of plants. Tools have long been a natural and logical solution for
increasing efficiency and decreasing manual labor. In his important work on adaptive
dynamics in Andean ecology, geographer Gregory Knapp (1991) highlights the tools
used by Andean farmers, pointing to the azadón or hoe as the most important. This is
quite striking considering that almost thirty years later, the azadón continues to be one of
the most widely used tools by small-scale farmers in Northern Ecuador. It is truly a
multipurpose tool, used also for squaring logs, digging ditches, mixing concrete, and
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clearing brush. Although it requires great physical effort, the azadón is not likely to be
replaced any time soon. As with the merging of technology and traditional Kichwa
beliefs, the introduction of new technologies into traditional agricultural practices should
not look to replace the azadón, but rather complement its critical role in smallholder
livelihoods.
The idea of technology transfer has been widely examined in scholarship dealing
with smallholder farmers. Some consider technology transfer to be an imposition on
farmers who already know what is best for their individual situation. There is however, a
great deal of evidence that small-scale farmers welcome new technologies and techniques
that can support their already extensive agricultural and environmental knowledge
(Ellman 1987). A concern with technology transfer is the willingness or unwillingness of
small-scale farmers to adopt new technologies into their daily practices. Despite
impressive research results on the positive effects of silvopastoral technologies,
researchers found that farmers in Central America were slow to adopt the technology due
in large part to the initial investment required for the system conversion (Dagang & Nair
2003). Limited funding and up-front costs commonly deter farmers from venturing into
the realm of new technologies. There is also concern regarding the intentions of entities
providing new technologies, and the imposition of narratives or ideologies that might be
contrary to those of the small-scale farmers. We see this in the technology transfer
relationships between Brazil and small-scale farmers in Africa, where concepts like
family farming and its associated definition do not translate clearly across space (Cabral
et al. 2016).

78

My work in Cotacachi experienced similar differences in the ways that drone
technology should be used and the ideologies involved. In the early stages of this project,
I recommended the incorporation of multispectral data, but community leaders pushed
back telling me that farmers had little need for it. Towards the end of my work in
Cotacachi, farmers began to ask about data that could help them to monitor crop health
and manage water resources, both of which are enhanced when using multispectral data.
Reconciling the gaps in ideologies and conceptual understanding between the entity
providing the technology and those who receive it is very important. Altieri (2002)
explains that a common mistake with technology transfer is a disregard for local input
and participation by those providing the technology. Technology transfer must occur at
the pace, and under the direction of those receiving the technology so that it can be
properly translated and situated according to their specific needs and understanding.
The introduction of new technologies for small-scale Indigenous farmers in
Cotacachi presents a variety of moral, environmental, and fiscal dilemmas. Moral or
spiritual dilemmas arise when technology clashes with traditional agricultural beliefs
and/or techniques. Kichwa farmers in Cotacachi maintain a strong relationship with La
Pachamama or Mother Cosmos, and subsequently with Allpamama or Mother Earth.
This bond drives their relationship with nature and informs the way they approach
agriculture. Out of respect for the natural ecosystems and the Pachamama, Kichwa
farmers will resist damaging intensification techniques and technologies that might scar
or strip the earth. They subscribe to the belief that humans exist in a symbiotic
relationship with the Pachamama, as equal partners in maintaining the natural order of
their surrounding environment. The bounty of a harvest is seen as a blessing from the
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Pachamama and is contingent on Her will. This presents an interesting and at times
complicated union between the adherence to cultural traditions and the need for
technological support. In most cases the conflict is limited, but it is nevertheless
important that culture and technology are equally yoked.
Introducing new technologies into small-scale farming can also have
environmental implications that affect soils, surrounding ecosystems, and crop diversity.
Tractors for example, are frequently hired by small-scale farmers to prepare land for
planting and are the most widely used pieces of farming machinery in Cotacachi. Tractors
have a greater impact on soils when compared to an ox-drawn plow or hand-dug furrows.
They may increase the speed of various tasks and decrease manual labor, but they also
cut deeper into the soil, tend to cause localized erosion, and disturb the nutrient rich
topsoil. Many of these negative effects are compounded by the sloping characteristics of
countless small-scale farms in Cotacachi (Figure 18). The weight of the tractor induces
soil compaction and the slope makes the tractor susceptible to slipping, which further
contributes to the alteration of the soils. A very detailed analysis of agricultural traffic by
R. L. Raper (2005) described how soil compaction can severely limit the available space
for air and water (two extremely important components to soil and plant health) within
soils. Raper further explains that soil compaction can have a lasting effect on agricultural
fields and can also be difficult to reverse (p. 260). The effects of tractor use on soils is
just one example of the considerations that must accompany the use of various types of
machinery and technology. Most farmers in Cotacachi work with very small parcels of
land that may not warrant the use of larger machinery.
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The matter of scale and the organization of agricultural systems are two essential
points to consider when examining technology use in small-scale agriculture. The size of
a planted field and the way it is organized, will influence the type of technology or
machinery employed. Likewise, the diversified farming systems employed by
smallholders in Cotacachi require a more targeted, hands-on approach rendering useless
much of the larger mechanized equipment that is available. For example, small-scale
farmers would have little use for a harvesting combine like those used to harvest corn,
wheat, or soybeans in large single-use fields. In multi-cropping systems, crop varieties
are often mixed or grown side-by-side. It is quite common in Cotacachi to see corn grown
symbiotically with kidney beans, fava beans, broad beans, lupini beans, and occasionally
quinoa. Thus, a manual approach for planting and harvesting is required. These factors all
contribute to the current level of technology use in small-scale farming in the Cotacachi
province.
Digitization of Agriculture
Technology in agriculture is regularly associated with words like speed,
efficiency, and productivity. Capitalism in agriculture pushes farmers to produce more
crops at a faster rate (Robbins, 2012, 235). The resulting intensification of agriculture and
its effects on the environment and farmers have been studied extensively. In the northern
Amazon of Ecuador, the denuding of forests has accelerated as farmers intensify
production by reducing the fallow periods in shifting agriculture (Vera-Vélez, Grijalva,
and Cota-Sánchez, 2019). In the Amazonian regions of Brazil, Colombia, and Ecuador,
scientists saw a remarkable decrease in biodiversity when farmers reduced forest cover
below 40% during intensification (Decaens et al., 2018). The interesting thing about
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agriculture though, is that it is inherently a slow process, restrained by the natural
progression of a crop cycle. Speeding up the process really only applies to the planting
and harvesting phases of production. Farmers in Cotacachi are certainly interested in
techniques and technology that could ease the burden of manual, small-scale agriculture,
but they have less interest in the haste associated with the global business of export
agriculture. This is also apparent in the commitment of Indigenous farmers to grow
multiple varieties of crops using traditional techniques and sustainable materials. This is
not a simple task. Managing multiple crop varieties using limited synthetic inputs and
mostly manual labor is much more involved and time consuming than monocropping.
Farmers that are intent on following agroecological practices and maintaining a
production pace dictated by the natural cycle of individual crops, may be wary of certain
technologies and their potential effect. Drones used for data collection however, present
an interesting space within this discussion because they are remotely controlled and have
minimal physical contact with the vegetation being surveyed. Geospatial technologies
can provide much needed support to farmers involved in polyculture. Aside from drones
used for the application of pesticides, the sole purpose of an sUAS in agriculture is to
collect useful data (remotely) to inform and support farmers in their production.
Although drones operate at a distance from humans and the earth’s surface, there
are inherent concerns of privacy, and these concerns require continual transparency and
community engagement. Indigenous people are often disadvantaged and marginalized
and as James Scott has argued, illegibility in landscapes can provide protection for
Indigenous communities from negative outside influences (Scott, 1998). By remaining
outside the gaze of the municipal and state governments, Indigenous people avoid
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confrontation, miscommunications, and the zealousness of colonial assimilation. Drones
and the aerial imagery they collect are regularly critiqued in the news and media for
breaches of privacy and human rights. Although Kichwa people are tight-knit and
guarded towards outsiders, they are not necessarily an overly private people. Homes are
customarily organized with common areas, wash tubs, and cooking spaces located
outside. These spaces are often right next to the road in plain view of passersby. Property
boundaries are typically delineated by sparse shrubs, or the popular stunted lechero tree,
spaced evenly and connected with barbed wire. In comparison, Kichwa people will often
tell you that the quickest way to identify the home of a mestizo family is by the tall
cinderblock walls around their houses. The open floorplan of Kichwa dwellings invites
regular social interactions. As Kichwa people spend a large portion of each day outside,
they have a variety of greetings to handle possible daily encounters (Table 3). These
greetings facilitate different encounters between community members. For example, if
you were passing by a home where a woman is washing clothes outside, one might say
“Ñanta mañachipay”. The passerby is recognizing the woman in her personal space and
politely asking permission to pass by. If one decided to visit a neighbor or friend but had
not been invited they would stand at the entrance of their home and exclaim,
“Minkachiway” which translated means, “let me be here”. The openness of the Kichwa
floor plan invites social interaction, while the language and cultural traditions help
regulate how those interactions occur.
To avoid concerns regarding privacy and legibility, we were clear and transparent
about the purpose of the drone surveys, and how the imagery was used. During
community mapping workshops farmers had the opportunity to view drone imagery and
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collaborate to delineate their individual farm boundaries and georeference crop varieties.
This process was very informative of the level of community engagement of participating
farmers and the importance of collective or cooperative action. The process of mapping
agrobiodiversity opened lines of communication between individual farmers as they
visualized from above, which crops were being grown and where they were grown. Due
to economic circumstances and limited education or training, small-scale farmers in
Cotacachi have yet to fully embrace the widespread application of technologies such as
mechanized machinery, precision irrigation, and the prescriptive application of pesticides.
There simply is not enough money to purchase and maintain technologically advanced
equipment and systems. In some cases, farmers have combined resources to purchase or
rent a piece of equipment, and as I will discuss later, this type of cooperative engagement
is one of the keys to the sustainability of successful technology transfer and integration.
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Figure 17. Sloping furrows in hills above Cuicocha
Note: Harvested potatoes have been stacked against the tree in preparation for transport

Greetings
Imanalla
Kawsankichu
Ñanta mañachipay

Meaning and Translation
Hello
Greeting after a long time
Greeting when passing by on the road or a residence

86
Yallichiway

Greeting when passing by a residence

Shamupasha

“I’ve arrived” (when arriving to visit at someone's home, invited)

Minkachiway

“Let me be here” (when arriving at someone's home, possibly uninvited)

Table 3 Commonly used Kichwa greetings

Infrastructure and Sustainability
Infrastructure is arguably the greatest obstacle to the integration of new
technology like drones into the agricultural practices of Indigenous small-scale farmers.
Agricultural economist M.S. Bhatia (1999) saw that crop yields in India were strongly
connected to levels of rural infrastructure, like roads, transportation, and communication.
Bhatia pointed out that infrastructure for technology development in rural agriculture is
of great importance and must include agricultural extension personnel and other trained
workers to facilitate the spread of information. In conjunction with infrastructure, there is
the question of sustainability; can a workflow of data collection and distribution be
sustained over time? Farmers in Cotacachi have demonstrated a growing interest in data
that can be obtained from low altitude remote sensing and other sources, and they have
shown great creativity and foresight in their ability to imagine new ways to use drones
and geospatial data.
There are three primary components that need to be considered regarding
infrastructure in Cotacachi. First and foremost, there is a need for workflow training so
that farmers understand how to operate equipment, how to utilize processing software,
and how to analyze data. This training can be accomplished in a short amount of time in a
workshop or seminar setting, and it does not require advanced degrees or extensive
schooling. The second component is the hardware and software required for the
workflow process. To set up a successful drone mapping operation for agriculture,
farmers would need a drone (preferably with a multispectral sensor), a smart phone or
tablet, a laptop or desktop, and post processing software. This component carries the
financial weight of drone integration and warrants the support of a cooperative or
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organization that can subsidize or cover costs. The third and final component in the
infrastructure is the knowledge and framework for implementing the data collected. This
would require additional training and information, along with the availability of tools and
materials to support data driven on-farm actions. To be sustainable and effective, data
management and data processing in Cotacachi need to occur within a predetermined set
of best-practice guidelines to ensure transparency, accuracy, and consistency. Guidelines
like these require an organization or committee that oversees data management. Figure 19
provides a visual overview of this infrastructure and the workflow that would be required
to integrate drones into the agricultural production of farmers in Cotacachi.
Organizations like the UNORCAC or CCM are well equipped to facilitate data
management and data processing policies and would be a viable starting point for the
creation of a drone program. A concern with these organizations however, is the
variability of leadership. Newly elected officials bring with them new policies and
agendas, and it would behoove farmers to create a system that is outside the ambit of
political influences, to institutionalize the process. Regardless of where a data
management and processing workflow is housed, the importance, and necessity for
cooperative engagement when integrating new technology like drones cannot be
understated.
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Figure 18. Infrastructure for sUAS implementation in Cotacachi

Cooperative Engagement as the Glue and Vehicle
The female Indigenous farmers of Cotacachi, and particularly those who are
members of the CCM, are a unique case study for agricultural technology transfer. The
organized and cohesive nature of the CCM as a women’s organization and an agricultural
cooperative, makes it a reliable vehicle for the introduction of drones and geospatial
technologies. Moreover, the cooperative engagement within the CCM and in conjunction
with the UNORCAC, provides farmers with a stronger political and social foundation as
well as an infrastructural framework to sustain the workflow of geospatial data collection.
During their work with coffee farmers in Ethiopia, Mojo et al. (2017) found that the
collective action of a cooperative often provided benefits for smallholders in the form of
access to credit, technical training, and stable market prices. The pressure and risk of
learning new technologies, and the weight of potential failure, is taken off the individual
and largely carried by the organization. This format takes advantage of the individual
strengths and abilities within the organization and merges them to create a stronger more
adaptable whole. The CCM is also unique because its membership spans the 41
Indigenous communities of the Cotacachi province. Although members from neighboring
communities may be acquainted, CCM members from some of the more distant
communities may not otherwise associate with one another if not for the CCM and the
weekly convergence of vendors at the Jambi Mascaric market.
Agricultural cooperatives have been widely examined by researchers. Most
studies conclude that cooperatives tend to enhance the economic situations of
smallholders and stimulate the adoption of new agricultural technologies and techniques
(Mojo et al., 2017; Abebaw and Haile, 2013). The CCM is closely associated with the
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UNORCAC organization and thus benefits from the added structure and historical
prevalence of the UNORCAC. The CCM is able to provide benefits that are often not
available to smallholders such as agricultural inputs and credit. Bernard, Abate, and
Lemma (2013) reported that the most important services provided by cooperatives in
Ethiopia were inputs and credits. This is also true in Cotacachi as the CCM and
UNORCAC regularly prioritize funds for agricultural input distribution. Smallholders in
Cotacachi are able to receive seeds, fruit trees, and organic fertilizer for free or at a
discounted rate.
Political Ecology of Cooperative Engagement
It is true that member farmers of the CCM and UNORCAC benefit a great deal
from their association with these organizations, and the two entities strive to maintain a
sense of neutrality within political arenas. Yet, the UNORCAC in particular enjoys a
great deal of influence and power in municipal and state political circles. Members of the
CCM and UNORCAC receive much needed support in their agricultural production, but
the trajectory of small-scale farming in Cotacachi is also largely guided by the agendas of
UNORCAC officials, the CCM leadership, FAO grants, and initiatives led by the
Ministry of Agriculture. There is a clear hierarchy that is woven throughout these
organizations, filtering down to the individual farmers themselves. The voices of the
peasant population are still heard, but farmers are often content to passively accept and
follow the initiatives and agendas of the respective leadership in each organization.
During the spring of 2019, residents of the Cotacachi province were involved in a
heated mayoral election in which economist and local businessman, Auki Tituaña, who
had previously served as mayor, was reelected. The UNORCAC leadership came under
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fire for its apparent support of one of the candidates, causing a number of rifts and
fractures among the membership. During the campaign, members of the Indigenous
communities flew flags bearing the name of their chosen candidate and even painted their
houses to match the colors of the flags. This was a contentious time that tested the resolve
and engagement of the Indigenous communities and UNORCAC membership. Not long
after the elections, the entire country was rocked by riots and protests as President Lenin
Moreno attempted to roll back oil subsidies that had long sustained low gas prices across
the nation. Faced with the potential of doubled gas prices, Indigenous populations around
Ecuador took to the streets in protest, effectively halting all transportation with
roadblocks of rubble and human barricades. Protestors eventually combined forces to
march on the capital city of Quito forcing President Moreno to flee the capital in favor of
the coastal city of Guayaquil. There were many casualties and a great deal of damage to
buildings and streets, but the president eventually walked back his decision to remove the
oil subsidies.
During both of these events, the CCM and UNORCAC served as unifying forces
and voices among the Indigenous communities within their scope, encouraging people in
both their civic and social duties. This structure has helped farmers in the region and
particularly the women of the CCM to bolster their production and enhance their ability
to sustain subsistence livelihoods while also selling excess products at a fair market
value. Smallholders retain their agency in deciding which crops to grow, but members of
the UNORCAC and CCM are also provided with credit or seed donations for crop
varieties that are of interest to the UNORCAC and CCM. For example, the UNORCAC is
currently interested in a few particular varieties of potatoes, beans, and fruits, and are
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willing to provide seeds and starters of those varieties for free to farmers that are willing
to grow them. This is not a harmful transaction, but it highlights how the interests of the
UNORCAC are linked to the resource poor smallholder farmer, and on a larger scale how
foreign interests motivate and drive what farmers grow. Farmers are not required to grow
these varieties, but most are not in a financial position to turn down the offer of free
seeds. These transactions are typically accompanied by an agreement that the farmer will
save some of the harvest for the propagation of future crop varieties. Funding from large
organizations like the FAO are seen as positive infusions of capital but also generally
come with strict guidelines on how the funds can be used, and which crop varieties can
be funded.
Institutionalizing Drones as a Community Tool
The previous sections have outlined the importance of cooperatives and
cooperative engagement for integrating drones and geospatial technologies into
smallholder farming practices. I have also shown that a suitable workflow infrastructure
for collecting, processing, and utilizing data is key to the successful integration of drones
in small-scale agriculture. The UNORCAC and CCM offer a strong organizational
foundation for initiating a program for geospatial data collection using drones, but such a
program must ultimately be institutionalized for long term sustainability.
In a report released by the FAO in 2016, Delgermaa Chuluunbaatar and Jennifer
Yoo explored how institutionalizing the Farmer Field School (FFS) strategy enhanced
farmer success through positive experiential learning activities in the field
(Chuluunbaatar & Yoo, 2016). FFS is a strategy for farmer education and development
that focuses on experiential and participatory learning that occurs in a farmer’s natural
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environment and is tailored to their individual experiences (Anandajayasekeram, Davis,
& Workneh, 2007). These field schools are very similar to field training activities
conducted periodically in Cotacachi by extension agents of the Ministry of Agriculture.
The success of such field-based learning can be attributed in a large part to the model of
in situ farmer collaboration and discussion that is also supported by government or
university technical experts. Farmers in Cotacahi thirst for new knowledge and training,
but often rely completely on these occasional trainings. By incorporating a program for
the collection of drone imagery and geospatial data, farmers in Cotacachi could create
their own data and begin the process of analyzing agricultural phenomena. Through the
institutionalization of this process, they could then incorporate external expertise,
funding, and support. Culuunbaatar and Yoo (2016) proposed five factors that
contributed to the strengthening of FFS as a result of institutionalization; training,
funding, support system, targeting and impact, and monitoring and evaluation.
Training is an important component for technology integration, and poorly trained
facilitators can lead to the mismanagement of data, misuse of equipment, and a halt in
further development. Ecuador does not currently have a licensing requirement for drone
pilots like the Part 107 Remote Pilots License in the United States. Most people with
minimal technical aptitude can learn to fly a drone in under an hour. However, drone
technology and mission planning software are developing at such a rapid pace, that a
detailed and standardized pilot training course would produce more competent pilots. By
incorporating thorough standardized pilot training in the geospatial data collection
program, farmers in Cotacachi could ensure consistency in data collection and in data
quality. Extending this training to youth from various communities would also help to
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perpetuate the continued success of the use of drones in agriculture in Cotacachi. As I
have explained, labor loss on small-scale farms is largely due to the mobility of younger
generations and their increasingly limited interest in farming. Training Indigenous youth
in the process of collecting aerial imagery, processing imagery, and analyzing data would
not only reengage the younger generations in agriculture, but also contribute to the lasting
success and development of geospatial technologies in Cotacachi. Without youth
engagement, farms and production will dwindle, and the conservation of agrobiodiversity
will become more and more difficult to sustain.
An imperative in sustaining a drone program is the ability of trained farmers to
access funding, communicate effectively with stakeholders, and share information and
data with other members of their communities. The UNORCAC and CCM are great
resources for both providing funding and for facilitating funding opportunities. By
training farmers to identify fundable needs and write grant proposals they can improve
the availability of resources for farmers. Armed with data collected by the farmers
themselves, farmers will have the tools to garner additional support from stakeholders
and be better prepared to implement that support. By institutionalizing drones as a
community tool for agriculture, farmers in Cotacachi can unify producers across
community boundaries and more effectively share data and information.
Conclusion
With the integration of technology into any environment or culture, we must
question what the ultimate goal is. Small-scale agriculture in Cotacachi is at a crossroads
and the livelihoods and foodways of farmers deserve to be protected and prolonged.
However, changes in precipitation and temperatures, the introduction of new plant
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disease, shifting generational priorities, and limited access to water, are all contributing to
old and new obstacles that affect smallholder livelihoods. There is plenty of new
agricultural technology that would not be suitable for farmers in Cotacachi, but geospatial
technologies and data derived from aerial imagery have the potential for providing
valuable information for farmers as they navigate their changing environments. By
collecting and analyzing their own data, farmers in Cotacachi can implement new
techniques at their own pace. Too often, technology transfer is overshadowed or
negatively influenced by the transferring entity and this can lead to an imbalance or
failure in the application of the technology. The most effective and efficient means for
technology transfer is to provide the tools and training so that farmers can create a
workflow that fits with their individual cultures, environments, and ideologies. For the
implementation of new technologies or techniques to be successful there must also be an
infrastructure in place and the process must be institutionalized. Institutionalization
ensures that training is standardized, that data collection and management follows
specific guidelines, and that the diffusion of information is uniform across all parties
involved.
Cotacachi has entered an exciting new period in its agricultural development, with
the addition of small-scale farming to the national cultural patrimony. This is an
opportunity for Indigenous farmers to move forward with their long sustained agrisystems and perpetuate the incredible diversity of cultivated crop varieties grown along
the slopes of the Cotacachi Volcano. Female Indigenous farmers in Cotacachi, despite all
odds, are finding new ways to earn income while protecting their ways of life. The
introduction of technologies like drones, and the involvement of women and youth in the
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development of a geospatial data collection program in Cotacachi would further empower
these industrious women to pursue their ambitions and support their families.
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CHAPTER VI – CONCLUSION
With the worldwide population expected to reach 8.5 billion people in the next ten
years, the global food supply is an increasingly important component of agricultural
research. New biotechnologies, the intensification of agriculture, and mechanization are
contributing to the enhanced productivity of staple crops around the world. Although
small-scale farmers make up only 30-34% of global food production (Ricciardi et al.,
2018), smallholders remain an integral part of the global food supply. These same
smallholders also constitute some of the most disadvantaged and resource poor people on
the planet. The Food and Agriculture Organization of the United Nations estimates that
75% of the world’s poor and food insecure people rely on agriculture for their livelihoods
(FAO, 2015). With the increasing availability of mass-produced food imports,
smallholders face difficult decisions regarding the agri-systems that they employ.
Intensification and shifts to monocropping has placed a strain on agrobiodiversity, and
farmers are seeing a gradual disappearance of endemic crops and seed varieties. In
northern Ecuador, Indigenous smallholders are working hard to conserve agrobiodiversity
and preserve traditional food ways for future generations. In the province of Cotacachi,
farmers are known to grow more than 180 different varieties of crops across a range of
altitudinal zones along the slopes of the Cotacachi volcano. This diversity of cultivated
species is among the highest in all of Ecuador and is strongly linked to the cultural
traditions of the Kichwa people.
This research sought to better understand the obstacles that face small-scale
farmers as they navigate changing climates, shifting social and economic ideologies, and
new generational priorities. Along with an analysis of the obstacles impeding smallholder
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success, this work also explored how new technologies like sUAS or drones could be
integrated into small-scale farming operations to support the current efforts of Indigenous
farmers. As in many countries around the world, small-scale farms in Cotacachi are
increasingly operated and managed by women. This demographic shift is due in large
part to an increase in off-farm work conducted by the males of each family. Although this
shift places new burdens on female farmers, it has also provided a new level of economic
and financial freedom for women who have been historically disadvantaged in those
arenas. Cotacachi is a unique location for this type of work because of the involvement of
Indigenous farmers in organizations like the UNORCAC and the CCM, which act as
advocacy groups, social collectives, and agricultural cooperatives in support of smallscale farmers.
The primary questions that I sought to answer with this research were:
1. What physical and social obstacles threaten the successful management and
productive output of small-scale mountain agriculture in Cotacachi?
2. How can low-altitude Small Unmanned Aerial Systems (sUAS) or drones be
used for rapid inventories of agrobiodiversity and spatial documentation
through maps?
3. How do traditional techniques and climate knowledge integrate with current
data and technology?
In designing this research, the most logical path was to split it into two main components
with the first component focusing primarily on Question One, while the second
component tackled Question Two. Question Three filtered throughout both components
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and was relevant to the obstacles facing farmers as well as the potential for integrating
sUAS for mapping and geospatial analysis.
Drone Integration
The initial work of this project consisted of surveying close to 250 individual
farms to map and document agrobiodiversity. The farm parcels that we mapped were
primarily owned and managed by members and vendors of the Jambi Mascaric
agroecological market. Through mapping agrobiodiversity and delineating farm
boundaries we discovered that data collected by drones could be applied to various onfarm issues. Small-scale farming in Cotacachi has recently been included in the cultural
patrimony of Ecuador, and with that designation came a renewed focus on
agrobiodiversity conservation. Drones provide an easy and efficient way to conduct rapid
inventories and assessments of agrobiodiversity on farms throughout the Cotacachi
province. As with any object of cultural or historic significance, documentation serves to
memorialize and carry forward its legacy.
Agriculture is an interesting consideration for cultural patrimony because of the
constant ebb and flow of the crop cycle. Unlike the slow decay of an historic building,
agriculture is a living, ever changing, process. Regardless, it is important to document
where and how individual species are being grown so that we can continue preserving
and prolonging their existence. One of the requirements for farmers that participate in the
Jambi Mascaric market is that they sell only what they grow in their own parcels. This
requirement helps the Jambi Market to essentially self-certify the products sold there,
ensuring that they are grown organically and produced by the vendor themselves.
Occasionally, farmers will try to sell products that they have purchased from a third
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party. This reduces the ability of the Jambi to guarantee the origins of the product. As a
measure to prevent this, the UNORCAC periodically conducts on-site inspections of
member farmer parcels to ensure that they are growing what they are selling. This is a
great way to get out into the communities and show support for the efforts of small-scale
farmers but is also tedious and time consuming. Drones present an additional method for
conducting inventories of agrobiodiversity, and the aerial imagery also contributes to the
creation of a valuable archive for future generations and research.
The primary purpose of parcel delineation was to provide boundaries and spatial
significance to the individual crop varieties. It quickly became clear that farmers saw
value in aerial imagery for additional applications like land titling, community boundary
delineation, and water distribution. These are all inherently contentious topics and for the
purposes and integrity of this project, we tried to avoid those applications during this
initial phase. Beyond the spatial documentation of agrobiodiversity, farmers showed great
interest in using drones for analyzing potential irrigation and water management plans.
For one case study, we collected aerial imagery of a ravine in Iltaqui, and calculated
slope, material estimates, and potential water flow for a proposed gravity-fed rainwater
collection system. We used a computer-generated 3D model for many of the calculations.
Using drones and aerial imagery had two primary benefits for irrigation and water
management: 1) It was much quicker and more efficient to fly a drone over the ravine
than it would have been to hike up and down through thick brush to collect
measurements; and 2) The deliverables created from the aerial imagery, i.e.
orthomosaics, elevation profile, and graphics of potential pipe routes, provided useful
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data that farmers could leverage when submitting proposals to local and state government
leaders and NGOs.
Obstacles
While exploring the potential for integrating drones into small-scale farming is a
positive venture, it is only part of the equation. Without an understanding of the obstacles
facing smallholders, it is difficult to recognize how geospatial technologies and data
could be used to support farmer efforts to overcome those obstacles. Over the course of
100 semi-structured interviews and discussions, I asked farmers involved in the Jambi
Mascaric market several pre-determined questions regarding their agricultural
production, obstacles they face, and the interest of younger generations in farming. These
discussions were most often conducted while working in the fields, or on the front porch
of farmer’s homes.
After reviewing the interview notes and conducting a frequency analysis of key
words, I identified six primary themes that arose during discussions and interviews.
Those themes were fertilizer, disease, transportation, labor, water, and knowledge.
Fertilizer and plant disease were the most commonly discussed topics. Many farmers
recognize the need for organic fertilizers to maintain their traditions of organically grown
crops. They pointed to elevated prices for purchasing fertilizer, and a general decrease in
on-farm production of fertilizers through animal husbandry, as major obstacles to
obtaining more organic fertilizer. Transportation and labor loss were also concerns voiced
by many of the interview participants. Rural Indigenous farmers have limited access to
personal vehicles and are relatively removed from the urban center of Cotacachi, so they
rely on local taxi truck cooperatives to transport goods to market, and family labor to
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plant and harvest. However, extortionate transportation prices and the loss of interest by
younger generations in farming have impacted production, labor, and monthly net
income.
Changes in the climate have also affected farmers in a variety of ways as average
temperatures and precipitation continue to fluctuate. Access to water for irrigation is a
concern for the more than 70% of Kichwa dry farmers who rely on rainfall for their
crops. As farmers navigate these changes and obstacles, they regularly find that they need
more knowledge and training to help them adapt and overcome. Although training is
offered by the UNORCAC, CCM, and Ministry of Agriculture, it is sparse and limited in
its reach.
What Next?
As I think about the many interactions that I had with farmers over the course of
my fieldwork in Ecuador, I realize that through their subsistence livelihoods, they
literally have their fingers on the pulse of Allpamama (Mother Earth). Their intimate
interactions with the soil, vegetation, mountains, and ravines, gives them a unique
perspective of their surrounding environment and ecosystems. Unlike the demographic
transition model that helps contextualize transitions in population over time, there is no
such model for agriculture. It is clear that inconsistencies in temperature and precipitation
will continue to introduce new obstacles for small-scale farmers, and the general lack of
interest among the younger generations to continue farming only compounds the struggle
to keep up with subsistence needs and a global economy. Food security and food
production are daunting issues, even on a small scale, and they require a great deal of
effort, funding, and collaboration. The fact remains, that smallholders in Cotacachi are
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integral to food availability, not only for themselves, but for those living in the urban
areas of the province. One of the factors that eventually contributed to the conclusion of
the Fall 2019 protests in Ecuador, was a call from the Confederación de Nacionalidades
Indígenas del Ecuador (Confederation of Indigenous Nationalities of Ecuador or
CONAIE) to the Indigenous communities to halt the delivery of agricultural goods to the
urban centers. The conflict was quickly brought to a close, and the dependence of urban
centers and political leaders on rural smallholder food production was wielded as a
powerful tool for social justice.
I am confident that small scale farmers in Cotacachi and throughout Latin
America could feasibly integrate sUAS and geospatial technologies into their traditional
farming practices if supported by a cooperative or collective. This type of technology
integration will not be successful however, if Western agendas and ideologies are the
driving forces. Institutionalization of workflow, data management, and data processing
must be controlled and directed by Indigenous farmers themselves. Only they can most
efficiently integrate new technologies with existing techniques and practices. Small-scale
farming in Cotacachi is a family affair, and the transfer of knowledge is dwindling
between the adults and younger generations. Much of this is the result of Indigenous
youth seeking off-farm employment and careers. Why not enlist the help of tech savvy
youth and young adults in the collection and management of data? Drones and other
technologies present a potential way to reengage the youth of Cotacachi in agriculture
and provide them with a path to not only enhance their education and technical
experience, but also support their families and communities with useful and powerful
data.
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We often wonder what one person, or one project can do to move the needle on
major issues like food security, biodiversity loss, or climate change. Samantha Power, a
former U.S. Ambassador to the United Nations said it best when she coined the phrase,
“shrink the change” (Power, 2019). Tackling major global issues head on will rarely
produce instantaneous results, but by shrinking the change and focusing on issues at a
smaller scale, I believe we can see positive results. The Comite Central de Mujeres and
the Jambi Mascaric Agroecological market are important examples of people making
great strides to enhance food security, adapt to climate change, and protect
agrobiodiversity. With the additional support of geospatial technologies, it is clear that
these organizations and the smallholders in Cotacachi will continue to be examples and a
beacon for other regions in Ecuador, and throughout Latin America.
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APPENDIX A – WORKSHOP INFORMATION AND KEY DATES
Workshops were conducted in community buildings and were scheduled through
the elected Comité Central de Mujeres (CCM) liaison from each individual community.
Participants of the Jambi Mascaric market from each respective community were invited
to the workshop to view the aerial imagery, georeference crop varieties, and discuss the
use of drones and geospatial data. Due to the lack of internet access in community
buildings we were not able to use the Pix4D Cloud Service during the workshops to view
and edit the aerial imagery. Instead we imported the data into the open source mapping
software, QGIS, which could be used offline. All community members were welcome to
attend, but to maintain a manageable participant group, and consistency in the project, we
focused on community member-farmers that participate in the Jambi Mascaric market.
Alberto Bonilla from the UNORCAC attended each of these workshops with me
and provided a projector for displaying the aerial imagery in a larger format. Although
farmers were notified in advance, we often had to make announcements using the
community building loudspeaker on the day of the workshop. We conducted five formal
workshops with groups ranging from 20 attendees to close to 80. The dates and specific
information regarding those workshops are listed in the table below. The workshops
lasted on average around 1 ½ hours. We also conducted mini workshops in conjunction
with interviews, in which we covered the same topics as the formal workshops. These
mini workshops were generally follow-ups to the formal workshops or visits with
families that did not attend the initial workshop. For these meetings, I always had my
laptop on hand to view and edit aerial imagery.
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Location

Colimbuela

Date

February 11, 2019

Notes & Attendance
Met in community building; projected aerial
images on white concrete wall
Approximately 80 people in attendance

Morlan

February 26, 2019

Met in community building with tin roof; had to
suspend discussions for about 15 minutes due to
heavy rainfall on the tin roof that made it
impossible to hear
Approximately 35 people in attendance

San Nicolas

March 19, 2019

Met in community school building; projected
aerial images on classroom white board
Approximately 20 people in attendance

Met in community building
Ugshapungo

March 28, 2019
Approximately 25 people in attendance

Met in community church annex building
Chilcapamba

May 9, 2019
Approximately 20 people in attendance
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APPENDIX B – KEY WORD INDICATOR MACRO: MICROSOFT WORD
NOTE: The code for this macro was acquired at
https://wordribbon.tips.net/T010761_Generating_a_Count_of_Word_Occurrences.html
Sub WordFrequency()
Const maxwords = 9000
Dim SingleWord As String
Dim Words(maxwords) As String
Dim Freq(maxwords) As Integer
Dim WordNum As Integer
Dim ByFreq As Boolean
Dim ttlwds As Long
Dim Excludes As String
Dim Found As Boolean
Dim j, k, l, Temp As Integer
Dim ans As String
Dim tword As String
Dim aword As Object
Dim tmpName As String

'Maximum unique words allowed
'Raw word pulled from doc
'Array to hold unique words
'Frequency counter for unique words
'Number of unique words
'Flag for sorting order
'Total words in the document
'Words to be excluded
'Temporary flag
'Temporary variables
'How user wants to sort results
'
'
'

' Set up excluded words
Excludes = "[the][a][of][is][to][for][by][be][and][are]"
' Find out how to sort
ByFreq = True
ans = InputBox("Sort by WORD or by FREQ?", "Sort order", "WORD")
If ans = "" Then End
If UCase(ans) = "WORD" Then
ByFreq = False
End If
Selection.HomeKey Unit:=wdStory
System.Cursor = wdCursorWait
WordNum = 0
ttlwds = ActiveDocument.Words.Count
' Control the repeat
For Each aword In ActiveDocument.Words
SingleWord = Trim(LCase(aword))
'Out of range?
If SingleWord < "a" Or SingleWord > "z" Then
SingleWord = ""
End If
'On exclude list?
If InStr(Excludes, "[" & SingleWord & "]") Then
SingleWord = ""
End If
If Len(SingleWord) > 0 Then
Found = False
For j = 1 To WordNum
If Words(j) = SingleWord Then
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Freq(j) = Freq(j) + 1
Found = True
Exit For
End If
Next j
If Not Found Then
WordNum = WordNum + 1
Words(WordNum) = SingleWord
Freq(WordNum) = 1
End If
If WordNum > maxwords - 1 Then
j = MsgBox("Too many words.", vbOKOnly)
Exit For
End If
End If
ttlwds = ttlwds - 1
StatusBar = "Remaining: " & ttlwds & ", Unique: " & WordNum
Next aword
' Now sort it into word order
For j = 1 To WordNum - 1
k=j
For l = j + 1 To WordNum
If (Not ByFreq And Words(l) < Words(k)) _
Or (ByFreq And Freq(l) > Freq(k)) Then k = l
Next l
If k <> j Then
tword = Words(j)
Words(j) = Words(k)
Words(k) = tword
Temp = Freq(j)
Freq(j) = Freq(k)
Freq(k) = Temp
End If
StatusBar = "Sorting: " & WordNum - j
Next j
' Now write out the results
tmpName = ActiveDocument.AttachedTemplate.FullName
Documents.Add Template:=tmpName, NewTemplate:=False
Selection.ParagraphFormat.TabStops.ClearAll
With Selection
For j = 1 To WordNum
.TypeText Text:=Trim(Str(Freq(j))) _
& vbTab & Words(j) & vbCrLf
Next j
End With
System.Cursor = wdCursorNormal
j = MsgBox("There were " & Trim(Str(WordNum)) & _
" different words ", vbOKOnly, "Finished")
End Sub
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